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APPARATUS AND METHOD FOR CONTROLLING DISCHARGE LIGHTS 

The present invention relates to apparatus and methods 
5 for controlling discharge type lights, such as 
fluorescent lights and the like. 

Discharge lights operate by causing electricity to flow 
between two electrodes separated by an inert gas such as 

10 argon or krypton with a small amount of a conduction 
element such as mercury or xenon which may be in both 
liquid and vapour form. Electrical conduction, through 
the inert gas, is instigated by supplying a voltage to 
the electrodes of sufficient magnitude to cause electrons. 

15 to migrate through the inert gas from one electrode to 
another. While travelling towards the anode (positive 
potential) electrode, electrons will typically collide 
with atoms of the conduction element with sufficient 
kinetic energy to ionise its vapour atoms and also 

20 vapourise the elements liquid atoms, thereby producing 
positive ions and further free electrons within the gas. 
Thus, a gas plasma of positively and negatively charged 
particles is produced. Electrons of the plasma continue 
to stream towards the anode of the electrodes while the 

25 much heavier positive ions of the plasma are accelerated 
towards the cathode thereof. This streaming of electrical 
charge sustains an electrical discharge within the 
discharge light. 

30 Collisions within the plasma between electrons and 
ionised atom of the conducting element causes the 
emission of light photons, from the plasma as post- 
collisional ions relax from an excited state (caused by 
collision) to a ground state. In this way, electrical 
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energy is converted efficiently into light energy within 
a discharge light. 

The vast majority of common or garden discharge lights 
5 take the form of fluorescent tubes as often found in 
homes and work places. Such fluorescent tubes employ the 
discharge process described above. The inert gas 
contained within fluorescent tubes is typically mercury. 
This component is caused to emit Ultra-Violet (UV) 
10 radiation as a result of the collisional process 
described above. A phosphorescent material coating the 
inner surface of the glass envelope containing the 
discharge plasma absorbs such UV radiation and re-emits 
the energy received thereby as visible light. 

15 

Once the gas within the envelope of the discharged light 
has been rendered conductive and thereby ■ exists in a 
plasma state, subsequent conduction through the gas self- 
sustains the plasma. However, the initial voltage 

20 required to induce this state of conduction is typically 
very high and is known as the ^^strike" voltage. As soon 
as the gas within a discharge light begins to discharge, 
the effective electrical resistance of the now conductive 
plasma drops rapidly. The effective resistance of the 

25 plasma behaves as a so-called ^^negative resistor" so 
called because as the voltage across the electrodes of 
the lamp increases, the effective resistance of the 
plasma decreases thereby creating an increase in 
discharge current through the plasma which further lowers 

30 the effective resistance and so increases the discharge 
current, and so on. This would end in a maximum current 
for minimum resistance causing the discharge light to 
dramatically fail were the current not controlled in some 
way. 
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A ballast circuit is typically employed to control the 
current passing through the discharge light in order to 
mitigate the run-away effects of ''negative resistance^' . 
5 At its simplest, a ballast circuit comprises a simple 
inductor placed in series electrical connection between 
the power supply and the discharge light. The impedance 
of the inductor effectively matches changes in the load 
resistance of the discharge light such that changes in 
10 the effective resistance of the discharge light are 
compensated for by resultant changes in the impedance of 
the inductor. In this way the ballast circuit inductor 
acts as a power regulator regulating the power supplied 
to the discharge light. 

15 

Unfortunately, since the impedance of the ballast circuit 
inductor is reactive, when it draws energy from an 
alternating-current (AC) power source the phase of the AC 
current drawn thereby lags the phase of the AC voltage by 
20 90**. Consequently, power is wasted by not matching the 
phase of the current and voltage of the power signal 
drawn by the ballast circuit and discharge light in use. 

As a consequence of this inefficiency, commercial 
25 electricity suppliers have, for some time, required large 
consumers of power to pay an additional consumer charge 
for consuming power in such phase mismatched conditions. 
Additionally, in an attempt to reverse the aforementioned 
phase mismatch, most domestic discharge light fittings 
30 are supplied with a simple corrector device comprising a 
capacitor connected in parallel across the power input 
terminals of the discharge light. The reactive impedance 
of a capacitor exhibits phase properties which are 
opposite to those of an inductor, namely, current will be 




drawn by the capacitor at a phase 90** in advance of the 
voltage drawn thereby when supplied by an AC power 
source. Hence, an appropriate capacitor may assist in 
nulling the phase lag induced by the ballast circuit 
5 inductor . 

Unfortunately the capacitance of a typical corrective 
capacitor is subject to considerable variation over time 
in use. It is quite normal for discharge lights such as 

10 fluorescent lights to be in service for as long as 20 
years. It is highly probable that within this time period 
a corrective capacitor will have degraded, thereby 
changing the value of its capacitance, or . will have 
failed completely. As a result, the corrective properties 

15 and purpose of the corrective capacitor C will be 
degraded or completely lost thereby resulting in the 
highly inefficient powering of the discharge light. 

The traditional ballast for a fluorescent discharge light 
20 is known as an electromechanical or type ^D' . With this 
type of ballast the fluorescent discharge light 
switching-on typically proceeds as follows. Power is 
applied via a ballast inductor L at the frequency of the 
mains power source. When the voltage is first applied to 
25 the circuit, the lamp does not initially operate. 
Consequently, the mains supply voltage appears across the 
^'starter" via the inductor and the light cathodes. The 
^''starter" consists of bi-metallic contacts sealed within 
a small discharge bulb with invert gas filling such as 
30 argon or neon. The mains voltage causes a glow discharge 
within which heats up the bi-metallic contacts causing 
them to close. This completes the circuit and allows pre- 
heat current to flow through the inductor and both 
cathodes. Since the glow discharge within the starter has 
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now ceased the bi-metallic contact cool down and open. 
Because the inductance of the inductor tries to maintain 
current flow (i.e. it resists changes in current), the 
voltage across the lamp rises rapidly and strikes the 

5 light. If it does not, the starter's contacts close again 
and the cycle repeats. Once the light has started, the 
inductor controls the current and voltage to the correct 
levels. The current supplied to the light under normal 
running conditions is enough to keep the cathode heaters 

10 hot and emitting electrons without the need for separate 
heater supplies. Since the lamp's running voltage is much 
lower than the mains voltage, there is now not enough 
voltage to cause the glow discharge in the starter, so it 
remains open circuit. 

15 

A further example of known discharge light control is the 
next generation of ballast called electronic or type W , 
so called because it uses a much more complex active 
control circuit made up of discrete electronic 

20 components. These work by converting the mains supply 
voltage into a DC supply source and then inverting this 
back into a high frequency AC supply by means of some 
form of transistorised switching circuit (an inverter) . 
The output of this inverter stage is then driven via a 

25 much smaller high frequency ballast inductor L into the 
discharge light. This process is much more efficient than 
the type ^D' because electronic ballasts replace the 
starting and inductive elements of the conventional 
system. The effect is to increase the operating frequency 

30 of the ballast above the 50 or 60Hz determined by the 
mains to typically to a few tens of kHz. This has two 
main advantages, firstly the gas in the tube does not 
have time to deionise between current cycles, which leads 
to lower power consumption. Secondly the inductor 
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required to generate a large enough voltage to ionise 
(strike) the tube is smaller, and so generates less 
resistive losses. However, the electronic solution is 
more complex and has a higher initial cost, this is 
5 eventually paid back by the savings in energy over time. 

Fluorescent discharge lights may be ''dimmed'' thereby to 
controllably vary the radiant power output of the 
fluorescent light. Current dimming methods simply vary 

10 the voltage supplied to the fluorescent discharge light 
via the ballast circuit associated .with it thereby to 
reduce the total power available to the inductor of the 
ballast and ultimately across the fluorescent discharge 
light. This method requires the use of expensive extra 

15 control components /stages and delivers a generally poor 
dimming effect. In particular^ the range of variability 
of the irradiated power output of the discharge light 
(i.e. the ''dimming range") is rather small since reducing 
the voltage applied to the discharge light runs the grave 

20 risk of causing plasma "drop-out" whereby the voltage 
becomes insufficient to maintain the plasma state within 
the discharge light. 

The new electronic fluorescent ballast, type 'A', are 
25 more efficient in their ability to generate light output 
power for input power consumed and it is to these types 
that the present invention is particularly (though not 
exclusively) directed. All present implementations of 
these electronic ballasts follow the exact same 
30 principles. One of the effects that they generally all 
exhibit is that there is an element of the source supply 
AC component superimposed on the DC power signal supplied 
to the inverter. These fluctuations in the DC power level 
are subsequently delivered to a discharge light via a 
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ballast circuit- The DC fluctuations appear as ^^ripples'' 
superimposed upon each half-cycle of the AC power signal. 
These ripples typically produce a flickering affect in 
the radiant power output of the discharge light. This is 

5 most undesirable • Additionally, such variations, when 
present during the dimming of discharge light by reducing 
the voltage applied to it as discussed above, may cause 
the applied voltage to be momentarily insufficient to 
maintain the plasma state of the discharge light and 

10 thereby cause plasma "Mrop-out". This is most 
undesirable. It is also desirable to achieve the highest 
possible general power to light version efficiency in 
order to facilitate the lowering of total consumed 
mains/national power. This is of major importance to 

15 lower international CO^ levels. 

The present invention aims to overcome at least some of 
the deficiencies in the prior art identified above. 
Compared with the traditional type 'D' ballast the type 

20 W ballast achieves an improvement of some 15-20% in 
power consumption. The present invention aims to improve 
that figure by a further 10% (e.g. in basic operation 
mode) and greater than 25% (e.g. in active ambient light 
controlled mode), as shall be discussed below. In the 

25 following, a reference to ^'AC power signal" includes a 
reference to either of the AC electrical current and the 
AC electrical voltage signal of a power source. 

The present invention in its first aspect, at its most 
30 general proposes, when supplying AC power (e.g. from an 
inverter) to a discharge light via a ballast circuit 
formed by a resonant circuit, controlling the frequency 
of the AC power signal so as to operate below the natural 
resonance frequency of the ballast circuit. 



8 




A beneficial consequence of operating the discharge light 
ballast at below-resonance frequencies is that the 
inductor element is forced past its saturation point and 
5 therefore effectively becomes a low resistive path to the 
inverter output energy. This means that the losses 
associated with inductor magnetisation are much reduced 
so saving energy that would otherwise be lost as heat. It 
also affects the profile of the resultant current 

10 waveform delivered to the discharge light (e.g. 
fluorescent light) itself. With current methods these 
will naturally result in close approximate sinusoidal 
current shapes due to the resonant action of the ballast,, 
with the present invention in its first aspect/ operation 

15 below resonant frequencies results in an increase in 
harmonic products of the current, and therefore this 
creates a more .^^square'' wave current profile that closer 
matches the most efficient delivery of energy to the 
discharge light. 

20 

The reduction in inductor losses and improved current 
profile result in substantial operational power savings 
over current ballast implementations. 

25 Saturation is a limitation occurring in an inductor. 
Initially as the current (I) through an inductor is 
increased the magnetic flux (0) generated by the inductor 
increases in proportion to it. At some point further 
increases (dl) in current lead to progressively smaller 

30 increases (d0) in magnetic flux. Saturation occurs 
substantially at the extreme ends of B vs . H curve of the 
inductor where dl/d0 is small or zero (B=magnetic flux 
density; H==magnetic field intensity) . 



9 

Accordingly, in a first of its aspects, the present 
invention may provide a method for controlling the power 
delivered to a discharge light by an alternating (AC) 
power signal via a ballast circuit which resonates at a 
5 predetermined value of the frequency of said alternating 
power signal, the method including; 

maintaining the value of the frequency of said 
alternating power signal to be less than said 
predetermined value, 

10 

Whereas existing ballast control systems operate at power 
signal frequencies above resonance, at which the induced 
voltage generated by the ballast inductor is high, so as 
to ensure that the power-regulating effect of the ballast 
15 inductor is optimal, known as. dynamically stable, the 
present invention, in its first aspect, proposes the 
converse of this, known as dynamically unstable. 
Consequently, in controlling an AC power signal to a 
ballast circuit below the resonance frequency of that 
20 circuit the present invention, in its first aspect, is 
able to operate in a frequency regime in which the 

induced voltage generated by the ballast inductor is much 
reduced. Delivery of power to the discharge light is 

rendered more efficient, however, the power-regulating 
25 effect of the ballast inductor is reduced or 

substantially lost as a consequence. Consequently, the 
method of power control may provide a power-regulating 

function by monitoring power delivered to the ballast 

circuit and/or the discharge light via the ballast 
30 circuit, and controlling the AC power signal (e.g. by 

controlling the inverter that may supply it) according to 

the power so monitored. 




The present invention also preferably includes the 
making of (and the responding to changes in) 
instantaneous measurements of various properties of the 
AC power supply process for controlling the AC power 
5 supply. Preferably the method includes monitoring the 
power delivered to the discharge light by the ballast 
circuit/ and adjusting the alternating power signal in 
response to variations in the delivered power so as to 
stabilise the delivered power. 

10 

The method may include adjusting any one or more of the: 
frequency, phase, or mark/space ratio, or any other 
aspect of the inverter AC power signal when adjusting 
that signal in response to variations in the delivered 
15 power. The duration/shape of positive and/or negative 
polarity portions of individual cycles (e.g. a half- 
cycle) of the AC power signal may be separately and 
independently adjusted for this reason. 

20 Since the power ultimately delivered to the discharge 
light via the ballast circuit is dependant upon the 
frequency response (e.g. resonance profile) of the 
ballast circuit the method preferably includes varying 
the (e.g. inverter) AC power signal according to the 

25 frequency response of the ballast circuit when responding 
to variations in the delivered power so as to cause a 
desired variation/stabilisation in delivered power. 

Since (e.g. inverter) AC power signal frequency is below 
30 resonance, increases in power signal frequency will 
result in a decrease in power delivered to the discharge 
light by the ballast circuit. Conversely decreases in 
frequency result in an increase in such delivered power. 
Preferably the method includes increasing or decreasing 
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the frequency of the (e.g. inverter) AC power signal in 
response to the detection of an undesired increase or 
decrease respectively in the power delivered to the 
discharge light via the ballast circuit. 

5 

The control method means most preferably includes 
increasing the frequency of (e.g. for individual cycles 
or half-cycles of) the (e.g. inverter) AC power signal in 
response to increases in the delivered power^ and to 

10 reduce the frequency of (e.g. for individual cycles or 
half-cycles of) the inverter AC power signal in response 
to decreases in the delivered power, thereby to stabilise 
the delivered power. The important distinction here is 
that the AC power signal is always below the natural 

15 resonance value of the ballast circuit. 

The control method preferably includes maintaining the 
frequency of the (e.g. inverter) AC power signal at a - 
value sufficiently low that during at least a part of a 

20 cycle of the power signal, the inductor means of the 
ballast circuit is caused to saturate (i.e. passes the 
extreme end of the inductor B/H curve) , whereby the 
inductor effectively becomes a resistive element only and 
losses are therefore reduced. This efficiency is achieved 

25 by forcing the resonant circuit to allow the remaining 
(i.e. saturated) part of each half cycle of the AC power 
signal directly through to the fluorescent light as a 
siibstantially steady signal. This will normally cause a 
rapid increase in the current in the light itself that 

30 would lead to the onset of the discharge process entering 
into the ^'ark discharge'' condition. This would be most 
disastrous as the ballast for over-current and the light 
be irreparably damaged. The present invention therefore 
preferably maintains this delicate balance between 




efficient power consumption and decent into destructive 
the ^^ark discharge" condition by the application of high 
speed feedback and predictive forecasting of change. 
Consequently, by operating in the sub-resonant regime the 
5 present invention, in its first aspect, most preferably 
enables the delivery of a substantially steady current to 
a discharge light, via a ballast circuit/ over a 
significant but controllably variable proportion of any 
given cycle or half -cycle of the (e.g. inverter) AC power 
10 signal. 

Preferably, the control method includes monitoring one or 
more selected properties of the AC power signal, or a DC 
signal from which the AC signal may be derived, (e.g. 

15 post-inverter circuits) including some or all of the 
following; voltage input to the inverter circuit where an 
inverter is used to generate the AC power signal from a 
DC power signal, voltage and/or current present within 
the ballast circuit, voltage and/or current delivered to 

20 the discharge light, and to derive from the monitored 
continuous values a measure, estimate or profile of the 
power delivered to the discharge light . 

The selected property of the a.c. power signal may be the 
25 electrical voltage and/or current associated with that 
signal. The voltage/current magnitude, or amplitude, or 
its instantaneous value (s) may be so monitored. 

The selected property is preferably the value of the 
30 electrical currents both as present within the ballast 
circuit and as concurrently delivered to the discharge 
light. 
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The power control method may include comparing the values 
of said electrical currents and/or voltages (either 
individually, or as combined/ summed) present within the 
ballast circuit and concurrently delivered to the 
discharge light, to predetermined respective reference 
values thereof and to derive from such comparison the 
(e.g. average) measure of the power delivered to the 
discharge light- 

The predetennined reference values are preferably values 
of the selected properties which correspond with (and are 
therefore indicative of) the discharge light operating 
normally. These predetermined reference values may be 
stored within a power control means (see below) for 
access and use as and when required thereby. 

The predetermined respective reference values are 
preferably values corresponding with a predetermined 
value of power being delivered to the discharge light via 
the ballast circuit. 

The power control method preferably includes sampling 
values of any of the various (e.g. inverter) AC power 
signal once within separate successive sampling periods, 
wherein each sampling period is no greater in duration 
than the one half of the duration of a single cycle of 
the. AC power signal. Preferably, the sampling occurs once 
within each half period/cycle of the AC power signal. 

Preferably the power control method includes sampling the 
current passing through the ballast circuit and/or the 
discharge light (concurrently) at a time 0.3T into a 
given half-cycle of the (e.g. inverter) AC power signal, 
where T is the duration of that half cycle. Such sampling 




should preferably be perfonaed at a point that is neither 
too early that it ^'sees" (i.e. the sample represents) 
predominantly the energy property in the period where the 
most change is occurring due to inductor magnetisation 
5 and the variable negative resistance effect of the light 
itself are at there greatest, and not too late that no 
reference is possible to the reactive effect of the 
resonance circuit itself. The optimal sampling time has 
been determined by experiment to be at a point 0.3T into 
10 each half cycle. 

A consequence of supplying AC power (e^g. inverter 
operation) well below resonance/ as discussed above, is 
that the electrical current supplied to the discharge 

15 light acquires a substantially squarer waveform which 
results in a substantially more constant light output 
from the discharge light during those portions of the 
square waveform in which the supplied current is 
substantially constant (i.e. during the saturation of the 

20 ballast inductor) . Furthermore, since the power 
monitoring and control method described above enables 
cycle-by-cycle adjustment of the frequency of the 
inverter AC power signal to the discharge light, the 
resultant variation in frequencies tends to reduce the 

25 overall electromagnetic interference (EMI) produced by 
the ballast circuit and/or discharge light in use. 

The power control method may include maintaining the 
value of the frequency of the inverter AC power signal to 
30 be about 1/2 of the natural resonance frequency of the 
ballast circuit. This has been found by experimentation 
to produce the most efficient operation whilst still 
being able to maintain the ballast outside of the 
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damaging ark discharge condition, this is achieved by the 
use of intelligent control circuits. 

The present invention, in a second of its aspects, may 
provide a power controller for controlling the power 
delivered to a discharge light by an alternating (AC) 
power signal via a ballast circuit which resonates at a 
predetermined value of the frequency of said alternating 
power signal/ including: 

a power control means arranged to control the AC 
power signal to maintain the value of the frequency of 
said AC power signal to be less than said predetermined 
value . 

The power control means is preferably arranged to monitor 
the power delivered to the discharge light by the ballast 
circuit, and to adjust the AC power signal in response to 
variations in the delivered power so as to stabilise the 
delivered power. 

The power control means preferably includes power monitor 
means arranged to monitor the value of a selected 
property of the AC power signal: as input to the ballast 
circuit; and/or, as present within the ballast circuit; 
and/or, as delivered to the discharge light, and to 
derive from the monitored value of the selected property 
a measure of the power delivered to the discharge light. 

Monitoring of the DC power supplied to an inverter for 
use in generating the AC power signal may also be done by 
the power monitor. 

Preferably, the selected property is the value of the 
electrical currents and/or voltage both as present within 




the ballast circuit and as concurrently delivered to the 
discharge light- The selected property may be the 
voltage and/or current. 

5 The power monitor means is preferably arranged to compare 
the values of the electrical currents present within the 
ballast circuit and concurrently delivered to the 
discharge light, to predetermined respective reference 
values thereof and to derive from that comparison the 
10 measure of the power delivered to the discharge light. 

Preferably, the predetermined respective reference values 
are values corresponding with a predetermined value of 
power being delivered to the discharge light via the 
15 ballast circuit. 

The power monitor means is preferable arranged to sample 
values of the selected property of the AC power signal 
once within separate successive sampling periods, wherein 
20 each sampling period is no greater in duration than the 
one half of the duration of a single cycle of the AC 
power signal. 

The power, control means may be arranged to adjust any one 
25 or more of the frequency, amplitude, or phase of the AC 
power signal when adjusting that signal in response to 
variations in the delivered power . 

The power control means is preferably operable to adjust 
30 the AC power signal according to the frequency response 
of the ballast circuit when responding to variations in 
the delivered power so as to cause a stabilisation in 
delivered power. 
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Preferably, the power control means is arranged to 
decrease the frequency of the AC power signal in response 
to decreases in the delivered power, and to increase the 
frequency of the AC power signal in response to increases 
in the delivered power, thereby to stabilise the 
delivered power. 

Most preferably the power control means is arranged to 
maintain the frequency of the AC power signal at a value 
sufficiently low that during at least a part of a cycle 
of the AC power signal an inductor means of the ballast 
circuit is caused to saturate, whereby the inductor 
becomes substantially only a resistive element of the 
ballast circuit thereby reducing energy dissipated 
therein. 

The power controller may be arranged to operate in 
conjunction with an inverter means arranged to receive a 
direct current (DC) power input signal and to generate 
the alternating (AC) power signal therefrom for powering 
the discharge light via a ballast circuit, and the power 
control means preferably then includes an inverter 
control means arranged to generate inverter control 
signals for controlling the inverter so as to control the 
AC power signal generated thereby. 

The power controller may include the power control means 
and the inverter means. 

The present invention in its third aspect proposes, at 
its most general, when supplying start-up AC power to a 
discharge light via a ballast circuit, controlling the 
frequency of the AC power signal so as to be sufficiently 
above the resonance frequency of the ballast circuit that 
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the discharge light will not strike, and to reduce the 
signal frequency until it is sufficiently close to the 
resonant frequency to cause the discharge light to 
. strike. The invention, in its third aspect, is 
5 particularly (but not exclusively) suited for use in 
powering a discharge light which does no have a heater 
circuit (s) for heating the electron emitter (s) of the 
light . 

Reducing the AC power signal frequency in this way, from 
a high value to a sufficiently low value, amounts to a 
search for a value of voltage, delivered by the ballast 
circuit to the discharge light which is merely sufficient 
(i.e. just enough) to cause the discharge light to 
strike. The procedure takes advantage of the gentle 
voltage ramp' associated with the ballast circuit^ s 
resonance profile at frequencies above resonant 
frequency. The ramp is such that the voltage across the 
ballast circuit, and therefore the voltage delivered 
across the discharge light, increases gently as the AC 
power signal frequency decreases towards the resonant 
value . 

Accordingly, in a third of its aspects, the present 
25 invention may provide a method for controlling the power 
delivered to a discharge light by an alternating (AC) 
power signal via a ballast circuit which resonates at a 
predetermined value of the frequency of said alternating 
power signal, the method including; 
30 controlling the frequency of the AC power signal to be 

greater than the predetermined value by an amount 
sufficient to prevent operation of the discharge light, 
and to sxibsequently reduce the frequency of the AC power 
signal until the discharge light becomes operational. 
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Consequently, rather than switching on a discharge light 
simply by applying a very large strike voltage thereto, 
being a voltage which is more than sufficient to cause 
the light to operate, the present invention proposes 
searching for a strike voltage which is merely sufficient 
to cause the light to operate. Clearly,, this is more 
energy efficient. Furthermore, in gently raising the 
voltage output to the ballast circuit, and ultimately 
delivered to the discharge light, one reduces the 
stresses that are inevitably applied to the ballast and 
discharge light components when applying sharply rising 
high- voltage strikes as is presently done in the art. 

The control method may include reducing the frequency of 
the inverter output signal continuously thereby sweeping 
through successively lower frequency values, or searching 
in a step-wise fashion in which the AC power signal 
frequency acquires a succession of separate successively 
lower values spaced in frequency. The spacing between 
successive such frequency values (i.e. the search step 
size) may be fixed of variable. Consequently, the actual 
resonance frequency of the ballast circuit is searched 
for when switching on the discharge light, that is to 
say, the frequency at which the ballast circuit resonates 
in its current condition. 

Obviously, ballast circuit components, especially 
capacitors thereof, are siabject to considerable variation 
in their capacitance during the period of time (years) a 
given discharge light will typically be used. Of course, 
changes in the value of such capacitance will change the 
value of the AC power signal frequency at which the 
ballast, circuit resonates and therefore the resonance 
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profile of the ballast circuit as a whole. Consequently, 
the value of AC power signal frequency sufficient to 
cause the ballast to deliver a voltage to a discharge 
light sufficient to cause the light to become operational 
will also tend to vary over time. Indeed, in prior art 
systems, where a given fixed start-up power signal 
frequency may have been selected initially as being 
sufficiently high to generate the required strike voltage 
at the light, a subsequent increase in the resonant 
frequency of the ballast circuit may render that start-up 
frequency so close to resonance (or even at resonance) 
that the strike voltage generated by the ballast circuit 
operating at the start-up frequency damages the ballast 
and may destroy the discharge light. 

The above frequency searching technique inherently 
accounts for such variations in ballast circuit resonance 
frequency and provides a safety mechanism which avoids 
such inadvertently excessive strike voltages. 

The power control method preferably includes monitoring 
the value of a selected property of the AC power signal: 
as input to the ballast circuit and/or as present within 
the ballast circuit; and/or as delivered to the discharge 
light, and halting reduction in the frequency of the AC 
power signal when the value of the selected property 
reach maximum predetermined values or a change of 
operating state is detected. 

For example, the detection of the presence of, or a rapid 
rise in, current through the discharge light is 
indicative of the onset of a plasma discharge state and 
therefore of the light becoming operational. 
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This monitoring fmction is also beneficial in another 
possible condition of operation: that of ballast turn-on 
with a faulty or missing target discharge light. When no 
light is fitted to the ballast and a user tries to switch 
on a light by supplying power to the ballast, the only 
load is the ballast resonator. As it is preferable to 
operate close to resonance frequency to achieve an 
induced voltage high enough to strike the discharge light 
the current, at close to resonance frequency, is very 
high and the stresses on components cannot be sustained 
for long. Normally the light would strike and the 
stresses would decrease but with a missing or faulty 
light this would not happen. However using the present 
aspect of the invention, this condition may be detected 
as the lack of a reduction in load before maximum power 
is measured to have been reached. Upon detection of this 
condition the inverter can be safely shut down without 
damage. 

To achieve detection of faulty or dangerous light 
discharge conditions, the value of the current through 
and/or voltage across the light is measured as the (e.g. 
inverter) AC power signal frequency is reduced. If any 
one or more of these values pass predetermined maximum 
values before a marked power reduction is read (NB: the 
strike condition causes a sudden reduction in power 
through the resonator path) then the fault condition can 
be declared. 

For exait^le, in order to prevent the frequency of the 
(e.g. inverter) AC power signal from approaching the 
resonance frequency value too closely while being 
reduced, with the resultant risk of damage to the ballast 
circuit and/or discharge light components, the power 
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control method preferably includes monitoring of the 
current and/or voltage applied to the ballast circuit 
and/or the discharge light and halting power signal 
frequency reductions when the monitored voltage /cur rent 

5 is deemed to be too high. This monitoring function 
protects the ballast circuit and discharge light from 
damage through excessive signal levels when a fault 
condition exists in the discharge light, or when no 
discharge light is actually present (unknown to the 

10 user) . 

The power control method may include halting such further 
reduction in the frequency of the a.c. power signal as 
discussed above when the value of the selected property 
15 either: is detected to have reached a predetermined 
threshold value (e.g. indicating a fault condition); or, 
is detected to have reached a value indicative of the 
discharge light being operational, whichever occurs 
first. 
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Most preferably, the power control method is arranged for 
use in powering a discharge light which does no have a 
heater circuit (s) for heating the electron emitter (s) of 
the light. 



Consequently, the power control method preferably 
includes controlling the inverter AC power signal to 
generate an alternating power signal intended solely for 
generating a sufficient voltage across the discharge 
30 light to cause it to operate, but which is not (or need 
not) be sufficient for heating the electron emitter (s) of 
the light which may or may not be present. A clear energy 
efficiency. 
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The power control method preferably includes the use of a 
processor means, such as a microprocessor, for processing 
software arranged to generate control signals for use in 
controlling the inverter AC power signal. 

5 

In a sixth of its aspects, the present invention may 
provide a power controller for controlling the power 
delivered to a discharge light by an alternating (a.c.) 
power signal via a ballast circuit which resonates at a i 

10 predetermined value of the frequency of said alternating 
power signal, including: 

a power control means arranged to control the frequency 
of said a.c. power signal to be greater than the 
predetermined value by an amount sufficient to prevent 

15 operation of the discharge light, and to subsequently 
reduce the frequency of the a.c. power signal until the 
discharge light becomes operational. 

Preferably, the power control means is operable to reduce 
20 the frequency of the a.c. power signal continuously 
thereby sweeping through successively lower frequency 
values . 

The power control means is preferably operable to monitor 
25 the value of a selected property of the a.c. power signal 
either: as input to the ballast circuit; and/or as 
present within the ballast circuit; and/or as delivered 
to the discharge light, and to halt reduction in the 
frequency of the a.c. power signal when the value of the 
30 selected property is detected to have reached a value 
indicative of the discharge light being operational. 

The power control means may be operable to monitor the 
value of a selected property of the a.c. power signal 
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generated either: as input to the ballast circuit; or as 
present within the ballast circuit; or as delivered to 
the discharge light, and to halt reduction in the 
frequency of the a.c- power signal when the value of the 
selected property is detected to have reached a 
predetermined threshold value or a change of operating 
state is detected. 

The power control, means may be operable to halt reduction 
in the frequency of the a-c. power signal when the value 
of the selected property either: is detected to have 
reached said predetermined threshold value; or, is 
detected to have reached said value indicative of the 
discharge light being operational, whichever occurs 
first. 

The power control means preferably includes a processor 
means for processing software arranged, when processed, 
to generate control signals for use in controlling the 
a.c. power signal. 

The power controller may be arranged to operate in 
conjunction with an inverter means arranged to receive a 
d.c. power input signal and to generate the alternating 
(a-c.) power signal therefrom for powering the discharge 
light via a ballast circuit, and the power control means 
preferably then includes an inverter control means 
arranged to generate inverter control signals for 
controlling the inverter so as to control the a.c. power 
signal generated thereby. 

The power controller may include the power control means 
and the inverter means. 
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The present invention in its fifth aspect proposes, at 
its most general, when delivering an alternating power 
signal to a discharge light via a ballast circuit, 
adjusting the form of the alternating power signal in 
response to changes in the power which occur within 
multiples of half-cycles thereof, the adjustments being 
made such that the ballast circuit delivers the desired 
power to the discharge light. 

In a fifth of its aspects the present invention may 
provide a method for controlling the power delivered to a 
discharge light from a source of direct-current (DC) 
power, the power being delivered via a signal inverter 
and subsequent ballast circuit as an alternating (AC) 
. power signal, the method including: 

monitoring variations in the DC power input to the 
signal inverter, and varying the frequency of the 
alternating power signal according to detected variations 
in the DC power input, thereby to control variations in 
the power supplied to the discharge light via the ballast 
circuit. 

Preferably the control method includes varying the 
frequency of the AC power signal so as to minimise 
variations in the power supplied (e.g. the true power) to 
the discharge light via the ballast circuit. 

Variations in the frequency of the alternating output 
signal are most preferably made according to the signal 
response of the ballast circuit via which the alternating 
power signal is delivered to the light. 



Most preferably, the invention in this aspect includes 
maintaining the AC power signal (e.g. inverter) frequency 




below the resonance frequency of the ballast circuit. 
Most preferably/ the invention in this aspect includes 
controlling the AC power delivered to the discharge light 
according to the first (and any other) aspect of the 
5 invention. 

The ballast circuit preferably has a signal response 
which resonates at a predetermined frequency of the AC 
power signal, and the method preferably includes varying 

10 the frequency of the AC power signal: to approach the 
resonance frequency when the DC power input is determined 
to have risen; and, to recede (e.g. as determined by 
operation at below resonant the frequency of the ballast 
circuit) from the resonance frequency when the DC power 

15 input is determined to have fallen. 

The control method preferably includes determining an 
average value of the DC power input to the inverter over 
a predetermined averaging period, and to vary the 
20 frequency of the AC power signal according to a 
difference value being the difference between an 
instantaneous value of the DC power input and the average 
value thereof. 

25 The control method preferably includes determining for 
example the fundamental oscillation period (e.g. main 
lowest frequency component) of the variations in the DC 
power input, whereby the predetermined averaging period 
is of a duration substantially equal to the fundamental 

30 oscillation period of the variations. The inverter 
control means may be arranged to determine temporal 
position of the lowest value (e.g. trough) of the DC 
power input during the oscillation period thereof/ and to 
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commence the predetermined averaging period at the 
temporal position so determined. 



Preferably, the difference value is determined 
immediately prior to commencement of the generation of a 
given cycle of the AC power signal, and the control 
method preferably includes modifying the e.g. base 
frequency of the given cycle AC power signal according to 
the difference value. 

The control method may include predicting a future 
difference value e.g. from a plurality of separate and/or 
a successive sequence of difference values. This method 
is referred to as predictive AC compensation herein and 
may be an independent aspect of the present invention. 

A correction (change) in inverter AC power signal 
frequency will not immediately cause a change in power 
delivered to the ballast circuit and/or discharge light. 
The correction will appear to be ineffective and may 
prompt further corrections. This lag is caused by the 
resonant elements changing their reactance values only 
after several complete AC power signal cycles have 
occurred . 



The power controller may be arranged to operate according 
to this method being arranged to receive a signal 
corresponding to the instantaneous value of the DC power 
supplied to the AC inverter. The use of this signal can 
then modify the shape and period of the inverter AC drive 
signal (s). The power controller may include the power 
control means and the inverter means. 




One example of this method exploits the fact that there 
is always an element, even if very small, of the external 
mains supply AC component {50/60Hz) within the DC power 
supplied to the inverter. The method preferably includes 
5 reading/sampling this signal and synchronising sampling 
periods to that period of the AC component within the DC 
signal supplied to the inverter (10ms for 50Hz, 8.33mS 
for 60Hz) . The method preferably then includes taking 
multiple samples of. the values of the inverter AC power 
10 output signal properties {e.g. current values and/ or 
voltage values) for each period of the AC power output 
signal and storing those samples as references. An 
average of the total samples/readings taken within a 
whole AC period is preferably then calculated for use as 
15 a temporal mean reference for the next AC period of the 
inverter output. 

In the next AC inverter output period, the signed 
difference between an individual recorded sample of the 

20 previous period and the mean reference is used to 
compensate an individual sample in the current AC period. 
This difference is then used to calculate the value by 
which the frequency of the inverter AC power supply 
should be compensated to achieve the closest flat power 

25 response in the delivered light power for changing input 
DC values. This temporal sampling shift means that the 
effect of inverter AC frequency and mark/space ratio 
changes can be seen in context of their special position 
in each, successive source AC period. This eliminates lag 

30 effects and still allows for the necessary cycle-by-cycle 
corrections . 

In a simple exan^le, in order to apply a correction to, 
say, the 30*" sample in a given current period, it would 
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be desirable to apply that correction at an earlier time 
(at the 20^^ sample of that period) r because the 
correction takes a finite time to come into effect. 
However, it is clearly impossible to do that, because at 
5 the time of the 20^^ sample, the controller cannot know 
what the value of the 30*^^ sample will be, as it occurs 
later. Hence the controller uses the value (or 
difference value) of an earlier sample (e.g. the 30^*^ 
sample of the previous period) as a prediction of what 
10 the 30^*" sample will be in the current period, and makes 
the correction on that basis. 

More generally, this method encompasses adjusting the 
frequency of the power output signal based upon 
15 measurement (s) of deviation of voltage and/or current 
from a desired value taken at an earlier time. 

Preferably, the adjustments relating to each portion or 
value of a given AC cycle is based on an earlier (e.g. 
20 the equivalent) portion of an earlier cycle. More 
preferably, the adjustment is applied in advance of the 
portion or value to be corrected. 

In a sixth of its aspects, the present invention may 
25 provide a power controller for controlling the power 

delivered to a discharge light from a source of direct- 
current (DC) power, the power being delivered via a 
signal inverter and subsequent ballast circuit as an 
alternating (AC) power signal, the power controller 
30 including: 

control means arranged to monitor variations in the 
DC power input to the inverter means, and to vary the 
frequency of the alternating power signal according to 
detected variations in the DC power input, thereby to 




control variations in the power supplied to the discharge 
light via the ballast circuit. 

The control means is preferably arranged to vary the 
5 frequency of the AC power signal so as to minimise 

variations in the power supplied to the discharge light 
via the ballast circuit. 

The ballast circuit preferably resonates at a 
10 predetermined frequency of the AC power signal, and the 

inverter control means is preferably arranged th vary the 
frequency of the AC power signal: to approach the 
resonance frequency when the DC power input is determined 
to have risen; and, to recede from the resonance 
15 frequency when the DC power input is determined to have 
fallen. 

The control means may be arranged to determine an average 
value of the DC power input to the inverter over a 
20 predetermined averaging period, and to vary the frequency 
of the AC power signal according to a difference value 
being the difference between an instantaneous value of 
the DC power input and the average value thereof. 

25 The control means is preferably arranged to determine the 
oscillation period (preferably the fundamental period) of 
the variations in the DC power input, whereby the 
predetermined averaging period is of a duration 
siabstantially equal to the aforesaid oscillation period. 

30 

The difference value is preferably determined immediately 
prior to commencement of the generation of a given cycle 
of the AC power signal, and the control means is 
preferably arranged to modify the frequency (e.g. base 
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frequency) of the given cycle according to the difference 
value immediately prior to the generation of the given 
cycle. 

5 The present invention in its seventh aspect, at its most 
general, proposes controlling the radiant power output of 
the light by adjusting the power in an alternating output 
signal delivered to the light via a ballast circuit to 
levels below that at which operation of the light would 
10 cease. By injecting appropriately timed and shaped 
excxtation pulses into the signal delivered to the light 
via the ballast circuit the light is given sufficient 
power to remain operational. This provides a sensitive 
light dimming function and control. 

15 

It is currently known that a degree of dimming in 
electronic, type W, ballasts is possible and this is 
performed by way of varying the peak energy supplied by 
the ballast inductor by way of either reducing its input 
20 DC supply voltage of changing the frequency of the 
inverter AC signals to increasing values above resonant 
which has the effect of lowering the average voltage seen 
by the discharge light. Both these methods fail to 
deliver good dimming range and efficient power saving 
proportional to reduction in radiant light output. The 
present invention in its following aspect creates a 
technique that aims to overcome this weakness. 
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Accordingly, in an seventh of its aspects, the present 
invention may provide a method for controlling the AC 
power signal supplied to a discharge light via a ballast 
circuit containing an inductor, including: 

inputting an excitation pulse signal to the 
discharge light via the ballast circuit having a 




frequency which is equal to, or a multiple of, the 
resonant frequency of the ballast circuit. 

The method preferably includes monitoring of the voltage 
5 generated across the inductor in response to the AC power 
signal, and determining the phase of that voltage. 
Consequently, pulse excitation may be input in synchrony 
with the phase of the inductor voltage. 

10 Preferably, the excitation pulse signal is input to the 
discharge light only when the inductor voltage is 
substantially at or is close to zero (e.g. the inductor 
is at or close to a zero energy state) . At this state the 
new pulse injection will not have to absorb any 
15 demagnetising energy from the inductor. This will 
naturally induce a single cycle that is power efficient 
and allows the LC ballast circuit to use the full pulse 
period to generate gain. This means that the voltage so 
generated across the capacitor the LC ballast circuit is 
20 maximised. This is delivered substantially as the 
discharge light ~ will begin to experience a gradual 
collapse in its plasma, as the average energy delivered 
to it is reduced. This has been found to increase the 
voltage required to be applied across the light to 
25 maintain any discharge at the lower average energy. This 
effect has been found by the inventors to increase the 
voltage required to maintain the discharge to as much as 
twice the full energy level. 

30 It is this need for greater excitation voltages during 
gradual reduction in average energy that sets the limit 
of dimming possible. The voltages become too great to be 
safe for the cables that connect the light to the 
ballast. Also the extreme voltage will have an adverse 
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effect on the electron emitter material of the light 
electrodes, causing them to be pitted and their surfaces 
to be yapourised. This has been found to limit the safe 
dimming zone to approximately 75% of the maximum. 

5 

It is also documented that electrode heating is required 
in prior art methods to achieve dimming. This is not the 
case for the current invention, indeed the addition of 
independent heating to the electrodes tends to cause a 
10 reduction in the range of the dimming possible. 

An important feature of this aspect of the invention is 
the power saving for radiated light output reductions. 
This means that with the current invention a fluorescent 
15 tube dimming to 50% radiate light output may save 50% of 
the load seen by the mains supply input. This is a very 
desirable effect as dimming can now become part of an 
overall power saving strategy. 

20 In a eighth of its aspects, the present invention may 

provide a power controller for controlling the a.c. power 
signal supplied to a discharge light from an a.c. power 
source via a ballast circuit containing an inductor, the 
power controller including: 

25 control means arranged to cause the a.c. power 

source to generate an excitation pulse signal for input 
to the discharge light via the ballast circuit having a 
frequency which is equal to or a multiple of the resonant 
frequency of the ballast circuit. 

30 

The controller means is preferably arranged to 
monitor the inductor voltage generated across the 
inductor in response to the a.c. power signal, and to 
determine the phase of that voltage. 
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- Preferably, excitation pulse injection occurs when 
the magnitude of the inductor voltage falls below a 
predetermined threshold value. This corresponds to 
substantially zero- inductor-energy state. 

The ballast circuit preferably resonates at a 
predetermined frequency of the a.c. power signal, wherein 
the excitation pulse signal is generated to have a 
frequency being substantially equal in value to (or any 
multiple of) the resonance frequency. 

In a ninth of its aspects, the present invention provides 
a method for controlling the power delivered to a 
discharge light in use by an alternating (AC) power 
signal via a ballast circuit, the method including; 

monitoring the ambient illumination level in the 
vicinity of the light, and adjusting the frequency of 
said AC power signal to adjust the power delivered to, 
and ultimately radiated by, the light thereby to control 
the ambient illumination level. Preferably, the control 
is such as to maintain the ambient illumination level at 
a substantially constant value. 

Preferably the ballast contains a resonant circuit 
element that is used to control the average power 
delivered to the discharge light. The power may be 
reduced using any scheme including; source DC level 
reduction, mark/space ratio reduction, inverter frequency 
increase or resonant cycle skipping. It may also be that 
several of these techniques are employed together or in 
sequence. The current invention uses both frequency 
reduction and resonant cycle skipping to achieve the best 
dimming range. 
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The method may include reversibly adjusting the (e^g. 
average) power delivered to the discharge light in 
predetermined steps or in a fully variable slope (e.g. 
continuously) . This method may also include reversible 
5 power adjustment to a final level in which all possible 
stable reduction in radiated light by reduction in 
average power has been performed, thereby to stop all AC 
power being input to the lights (e.g. stop all inverter 
activity) and so reduce the power radiated by the light 
10 to zero. 

To avoid the problem of over compensation for ambient 
light changes, such as when part of the light source is 
temporarily obscured by a momentary object, schemes for 

15 ignoring sudden changes may need to be employed. In the 
current aspect of the invention, this is preferably 
achieved by the method of reading fixed temporally spaced 
instantaneous ambient illumination level samples (e.g. 
via a suitable analog to digital converter) and employing 

20 a constant averaging technique. 

This technique is adding each new such samples into a 
data storage device (e.g. a large digital accumulator), 
after each value is added a predetermined multiple of the 

25 maximum size any sample is subtracted from the whole data 
storage device (accumulator) . By way of example; if the 
maximum size of the accumulator is 100, 000 and the 
maximum size of any particular sample is 100, the 
accumulator is 1,000 times larger than a single sample. 

30 So every time a new sample is added a value of 1,000^^ of 
the current accumulator current is subtracted, in this 
way a constant average is maintained. The average sample 
value being the accumulator size divided by 1,000. So by 
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increasing the multiple size of the accTomulator the 
period of average is increase and vice versa. 

In a tenth of its aspects, the present invention provides 
5 a power controller for controlling the power delivered to 
a discharge light in use by an alternating (AC) power 
signal via a ballast circuit, the controller including; 

Control means arranged to monitor the ambient 
illumination level in the vicinity of the light, and 
10 change the AC power signal to adjust the power delivered 
to, and ultimately radiated by, the light thereby to 
control the ambient illumination level. Preferably, the 
control is such as to maintain the ambient illumination 
level at a s\ibstantially constant value. 

15 

Preferably the ballast contains a resonant circuit 
element that is controlled by the power controller and 
therefore able to control the average power delivered to 
the discharge light. The power may be reduced using any 

20 scheme including; source DC level reduction, mark/ space 
ratio reduction, inverter frequency increase or resonant 
cycle skipping. It .may also be that several of these 
techniques are employed together or in sequence. The 
current aspect of the invention preferably uses both 

25 frequency reduction and resonant cycle skipping to 
achieve the best dimming range. 

The control means is preferably arranged to reversibly 
adjust the (e.g. average) power delivered to the 
30 discharge light in predetermined steps or in a fully 
variable (e.g. continuous) slope. This may also include 
reversible adjustment to a final level in which all 
possible stable reduction in radiated light by reduction 
in average power has been performed, thereby to stop all 
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AC power input to the discharge light and so reduce the 
power radiated by the light to zero* 

In a eleventh of its aspect s^. the present invention may 
5 provide a method for controlling the power delivered to 
an discharge light by an alternating (AC) power signal 
via a ballast circuity the method including; 

providing a re-programmable control means operable 
to process software arranged, when processed, to generate 
10 control signals for use in controlling the (e.g. 
inverter) AC power signal to adjust the power delivered 
to the discharge light. 

The method preferably includes monitoring predetermined 
15 conditions in the environment of the discharge light, and 
to re-program the control means according to the 
conditions whereby to modify said software which, when 
processed by the control means, generates accordingly 
modified control signals for use in controlling the (e.g. 
20 inverter) AC power signal. 

The method may include re-programming according to a 
predetermined re-program signal upon receipt of which the 
control means modifies the software which, when processed 
25 thereby, generates accordingly modified control signals 
for use in controlling the (e.g. inverter) AC power 
signal . 

Preferably re-programming is controlled via a remote re- 
30 program signal, preferably wirelessly. Preferably the 
method includes re-programming in response to changes in 
the predetermined conditions . 
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Preferably, predetermined conditions include one or more 
of:, a property of said (e.g. inverter) AC power signal; 
the ambient illiiminatipn level at location of the 
discharge light; the presence within the environment of 
5 the discharge light of other . the power control means 
associated with other discharge lights. 

The control method may control the power delivered to 
a plurality of discharge lights each of which is 
10 separately controlled by a respective separate re- 
programmable control means discussed above wherein the 
separate control means are controlled collectively. 

The collective control of a given one of the plurality of 
15 discharge lights may include monitoring the operating 
conditions of the control means of each of the other 
discharge lights, and re-programming the given control 
means according to the monitored operating conditions 
whereby the given control means modifies the software 
20 which, when processed thereby, generates accordingly 
modified control signals for use in controlling the AC 
power signal delivered to the given discharge light. 

Preferably, any given one of said separate control means 
25 is operable to monitor the operating conditions of each 
of the other of said separate control means, and to re- 
program according to said monitored operating conditions 
whereby the given control means modifies said software 
which, when processed thereby, generates accordingly 
30 modified control signals for use in controlling the 
inverter AC power signal delivered to the discharge light 
associated with the given control means. 
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In a twelfth of its aspects, the present invention may 
provide a control apparatus for controlling the power 
delivered to a discharge light by an alternating (AC) 
power signal via a ballast circuit, the apparatus 
including; 

a re-programmable control means operable to process 
software arranged, when processed, to generate control 
signals for use in controlling the AC power signal to 
adjust the power delivered to the discharge light. 

The re-prograimnable control means is preferably operable 
to monitor predetermined conditions in the environment of 
the discharge light, and to re-program according to the 
conditions whereby the control means modifies the 
software which, when processed thereby, generates 
accordingly modified control signals for use in 
controlling the AC power signal. 

Preferably, the re-programmable control means is operable 
to re-program according to a predetermined re-program 
signal upon receipt of which the control means modifies 
the software which, when processed thereby, generates 
accordingly modified control signals for use in 
controlling the AC power signal. 



The control means is preferably arranged to receive a 
remote re-program signal, preferably wirelessly. The 
power control means is preferably operable to re-program 
in response to changes in the aforesaid predetermined 
30 conditions. 



The predetermined conditions may include one or more of: 
a property of said a.c. power signal; the ambient 
illumination level at location of the discharge light; 




the presence within the environment of said discharge 
light of other said power control means associated with 
other discharge lights. 

5 Apparatus may be provided for controlling the power 
delivered to a plurality of discharge lights each of 
which is separately controlled by a respective separate 
re-programmable control means as discussed above wherein 
separate control means are arranged to operate 

10 collectively. 

Preferably, any given one of said separate control means 
is operable to monitor the operating conditions of each 
of the other of said separate control means, and to re- 

15 program according to said monitored operating conditions* 
whereby the given control means modifies said software 
which, when processed thereby, generates accordingly 
modified control signals for use in controlling the AC 
power signal delivered to the discharge light associated 

20 with the given control means. 

In a thirteenth of its aspects, the present . invention may 
provide a communications apparatus for connecting 
multiple ballast devices together, the apparatus 

25 including; 

a re-programmable control means operable to process 
software which, when processed, generates control 
commands and control protocols for controlling the 
multiple ballast devices. An electrically isolated low 

30 voltage communications interface is preferably included 
in the apparatus that preferably operates using a single 
bi-directional data signal to minimise the niomber of 
wiring connections required between individual ballast 
devices. A software communications protocol that allows 
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individual lights to be connected to the coicaaunications 
apparatus and preferably to cause the multiple ballasts 
to operate collectively (and preferably automatically) to 
form a single coherent array of radiant light energy. 

5 

The re-programmable control means is preferably operable 
to monitor predetermined conditions near or associated to 
the light array, and to re-program the individual members 
of the array according to the ambient needs or manual 

10 requirements. When adjusted automatically the array may 
be instructed by the automatic nomination of a single 
member that acts as the master controller, this master 
informs the slaved members as to the required total 
energy requirement to maintain the average illumination 

15 required. The control means can also be responsive to 
remote control means that can override this automatic 
process and force a predefined illuminations state. 

A further feature of this aspect of the invention is the 
20 ability for individual or arrays to inform remotely 
connected logging devices as to their current power 
consumption levels and maintenance states. This means 
that the instantaneous power consumption of any 
installation is preferably able to be read by a remote 
25 monitoring station. This means that the power usage can 
be determined and recorded so as to accurately declare 
the cost of operating a lighting strategy and even 
lighting control management schemes changed to maximise 
power savings and energy usage. This is very important in 
30 the efforts to save national CO^ emissions. 



The invention in any one of its aspects may be employed 
together with, or in combination with, the invention in 
any one or more of the other of those aspects. 



42 



In a further of its aspect, the present invention may 
provide a method as described above • In yet a further of 
its aspects, the present invention may provide a power 
controller, a ballast circuit, and/or control apparatus 
as described above. 

Examples of the invention shall now be illustrated with 
reference to the accompanying drawings in which: 

Figure 1 schematically illustrates a typical 
frequency response ■ for an LC-resonant circuit displaying 
a resonance profile centred upon a specific signal 
resonance frequency; 

Figure 2 schematically illustrates the signal 
response of an LC-resonant ballast circuit; 

Figure 3 illustrates schematically a signal inverter 
means, inverter control unit, ballast circuit and 
discharge light arranged in use; 

Figure 4 schematically illustrates the inverter unit 
ballast circuit and discharge light of Figure 3, together 
with the monitor means of the control unit of Figure 3; 

Figure 5 schematically illustrates excitation pulses 
and ballast inductor voltage zero crossings; 

Figure 6 schematically illustrates the waveform of 
electrical current passing through a ballast inductor as 
it reaches and passes through saturation thereof; 

Figure 7 illustrates supply voltage, supply current 
and radiate light output plots of fluorescent discharge 
lights; 

Figure 8 illustrates a power controller and signal 
inverter controlled by the power controller; 

Figure 9 illustrates examples of power controller 
control output signals as generated by the power 
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controller of Figure 8, and the resultant signal inverter 
output signals of the signal inverter controlled thereby; 

Figure 10 illustrates the form and relative timings 
of periodic variations in the d.c. power input to a 
signal inverter from which the inverter generates an a.c. 
power signal, and the variation in frequency of that a.c. 
power signal according to the rising and falling of the 
varying d.c. power input; 

Figure 11 illustrates schematically a signal 
inverter means, inverter control unit, ballast circuit 
and discharge light arranged in use. 

Figure 1 schematically illustrates the frequency 
response of a typical series LC-resonant circuit, such as 
a ballast circuit. Such a circuit includes an inductor of 
inductance L connected in series electrical connection 
with a capacitor of capacitance C. Such a circuit will, 
in practice, typically also contain an electrical 
resistance R caused by components (e.g. wires) of the 
circuit, particularly the inductor. 

It is well known that the total impedance Z of such a 
resonant circuit is simply the sum of the individual 
impedances of the resistive, inductive and capacitive 
components of the circuit. The resistive component is 
purely ohmic and therefore real, while the inductive and 
capacitive components are in fact reactive and imaginary. 
The phase, of the inductive reactance leads the phase of 
the capacitive reactance by 180° in the complex plane. 
While the magnitude of the resistive component of the 
impedance is independent of the frequency of an 
electrical signal passing through the LC-resonant 
circuit, both the inductive and capacitive reactances are 
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sensitively dependent upon such frequency. At low 
frequency values the capacitive impedance component 
dominates the total impedance of the circuit while at 
high frequency values the inductive impedance component 
5 dominates . 

Figure 1 illustrates this relationship in terms of the 
voltages generated across the capacitive and inductive 
impedance components of a typical series LC-resonant 
10 circuit. When the signal frequency to is low (region A of 
Figure 1) the rate of change of the current I passing 
through the inductor L is low, and consequently the 
induced voltage Vl where: (Vi,=LdI/dt) is correspondingly 
low and the slowly varying current causes the voltage 
15 across the capacitor C of the circuit to be relatively 
large and dominant. As the signal frequency m increases 
so too does the rate of change of the current I passing 
through the inductor L and, consequently, the induced 
voltage Vl increases, as does the voltage . Vc across the 
20 capacitor C. These voltages continue to increase as the 
signal frequency co approaches a resonant value cores at 
which the voltages Vc and Vl across the capacitor and 
inductor respectively reach a maximum value. The current 
I passing through the circuit also reaches a maximum 
25 value. The LC-resonant circuit resonates at this point. 
It is important to note that the inductor generates 
highly increasing voltages as the resonance area is 
passed is in response to the increasing rate of change of 
the current this increased voltage is many times greater 
30 than the DC supply value is to power the AC inverter. It 
is this principle that allows the high strike voltage to 
be achieved but is also the reason for the danger of 
overload in the inverter as the rate of change current 
reaches the limit that can be safely sourced by the 
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inverter electronics. In practice the inverter output 
frequency does not pass through the resonance value as 
this the load would destroy the inverter. 

The high frequency regime, denoted region B in Figure 1, 
is entered when the signal frequency o) exceeds thl 
resonance frequency. When this occurs, while both the 
inductor and capacitor voltages, V, and Vc respectively, 
begin to decrease with increasing signal frequency, the 
voltage Vc across the capacitor increases more rapidly 
than voltage Vi. across the inductor. Consequently, in the 
high-frequency regime the induced voltage generated 
across the inductor L dominates the voltage across the 
LC-resonant circuit. 

Figure 3 schematically illustrates a power controller 
operatively connected to a discharge light via a ballast 
circuit in use. Note here that in the present invention 
the light heaters are not used but are tied together. 



A signal inverter circuit 7 is arranged to receive a DC 
power input signal 6 and to generate an alternating (AC) 
power output signal 8 therefrom for powering the 
discharge light 13 via the ballast circuit 11. The 

25 inverter circuit 7 includes a "high-side" signal 
generator circuit 9 arranged to generate the positive 
polarity portions of the alternating output signal 8 of 
the inverter, and a separate "low-side" signal generator 
10 arranged to generate the negative polarity portions of 

30 the alternating output signal 8 of the inverter 7. 

The form and structure of the inverter circuit 7, and its 
constituent "high-side" and "low-side" portions (9 and 
10) may be of a type readily apparent to the skilled 
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person and shall not be discussed in detail herein. 
Suffice to say that any suitable form of switching 
circuitry may be employed in order to alternately switch 
the polarity of the DC signal 6 input to the inverter 
5 circuit 7 before that signal is subsequently output from 
the inverter circuit- Each of the ^Uow-side'' and ^"high- 
side" circuits may comprise an appropriately arranged 
transistor as is illustrated in Figure 4. 

10 A ballast circuit 11 is arranged to receive the AC power 
signal 8 generated by an output from the inverter circuit 
7 and to deliver power conveyed by the AC power signal to 
the discharge light 13 via power terminals, 12 and 14, of 
the discharge light- The power terminals of the discharge 

15 individually deliver current to and from the electron 
emitter electrodes of the discharge light in use. 

The form and structure of the ballast circuit 11 of 
Figure 3 may be such as would be readily apparent to the 
20 skilled person. The present embodiment uses a half bridge 
approach with a low impedance DC blocked floating return. 

A power controller includes an inverter control means 17 
and a power monitor means 15 operatively connected to, 
25 and in communication with the inverter control means 17 
via a communications link 16. The inverter control unit 
17 comprises a microprocessor control unit (MPU) 
operatively connected to and in communication with the 
JjQverter circuit 7 via a control communications link 18. 

30 

The power monitor means 15 is arranged to monitor the 
value of a selected property of the AC power signal 8 
generated by the inverter means either/both as present 
within the ballast circuit 11 or/and as concurrently 
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delivered to the discharge light 13. The power monitor 15 
samples the selected property in question on every half- 
cycle of the inverter and delivers the sample results to 
the MPU control unit 17 via the communication link 16 
between the power monitor and the MPU control unit. In 
response to the monitored values so received, the MPU 
control unit controls the inverter circuit 7 so as to 
maintain the value of the frequency of the AC output 
signal generated thereby so as to be below the resonance 
frequency value of the ballast circuit 11 when the 
discharge light 13 is operating (i.e. has already struck 
and is conducting) . 

Control signals generated by the MPU control unit 17 are 
15 communicated to the inverter circuit 7 via the 
communications link 18 connecting the former to the 
latter. Furthermore, the MPU control unit 17 is arranged 
to generate control signals for controlling the inverter 
circuit to adjust the frequency of the AC output signal 
generated thereby, these adjustments being made in 
response to variations in the power delivered to the 
discharge light so as to stabilise that delivered power 
as follows . 
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The electrical current generated by the inverter means 
both as present within the ballast circuit 11 and as 
concurrently delivered to the discharge light 13 is 
simultaneously sampled by the power monitor unit 15 once 
within each half-cycle of the alternating waveform of the 
AC power signal. The sampled values are communicated by 
the power monitor unit 15 to the MPU control unit 17 via 
the communications link 16 between the two. The MPU 
control unit compares the sampled values with pre-stored 
values of ballast current and concurrent discharge light 




current which are known to correspond to the ^^normal" or 
acceptable/desirable operation of the particular ballast 
circuit and discharge light in use. If this comparison 
indicates that the power delivered to the discharge light 

5 exceeds the desired/ "normal'' value, the MPU control unit 
generates inverter control signals which cause the 
inverter circuit 7 to increase the frequency towards the 
resonant value of the AC power signal generated thereby. 
Conversely, should the comparison undertaken within the 

10 MPU control unit indicate that the power delivered to the 
discharge light 13 is less than the desired/^normal'' 
value, then the MPU control unit generates inverter 
control signals which cause the inverter circuit 7 to 
decrease the frequency away from the resonant value of 

15 the AC power signal generated thereby. The aforementioned 
control signals are communicated to the inverter circuit 
7 via the communication link 18 connecting the MPU 
control unit to the inverter circuit. 

20 Of course, the MPU control unit is operable to vary the 
AC power signal generated by the inverter circuit 
according to the frequency response of the ballast 
circuit when responding to the variations in the 
delivered power as discussed above- The power-stabilising 

25 effect of these variations can be understood with 
reference to Figure 1 . 



The behaviour of a fluorescent light when driven, by a DC 
current, is generally linear but has the strange property 
30 of negative resistance that is to say that as power 
increases, the effective load resistance decreases until 
the 3^^ state of discharge is entered that of ^'ark 
discharge". The ark condition is terminal for a 
fluorescent light and must therefore be avoided. 
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It has been found that the negative- resistance slope 
(i.e. rate of change of load resistance with respect to 
power changes) changes as a function of time. All current 
ballast design techniques employ the same "sine" current 
drive as they all use a standard LC ballast circuit run 
at close to the resonant frequency to achieve the best 
stability of radiated light energy. However if the power 
profile is altered towards a leading sloped square wave, 
as per a saturating inductor, the result is different. 
Initially the current remains the same in the latter part 
of the half period but at a certain point it will 
suddenly rise rapidly as the plasma suddenly tries to 
enter the >>ark discharge" phase of discharge. Just before 
this occurs the radiated power output of the light is 
increasing in a very efficient zone without a 
proportional increase in energy consumed. It is the task 
Of the controller MPU to best judge this phase so as to 
exploit the efficiency but to avoid the onset of the ark 
20 discharge. 

Thus the invention in its first aspect and in this 
embodiment operates at below resonant frequency to allow 
the current profile to exploit this effect. It also means 
25 that the apparent frequency-to-radiated energy 
relationship is reversed. if the inverter AC drive 
frequency is shifted towards the resonance value the 
amplitude of the output signal does increase but the 
energy is merely focused about the centre of the half- 
cycle. If the frequency is lowered, instead of the 
expected lowering of energy due to operation further away 
from resonance it actually increases due to the fact that 
the inductor is saturated for longer and so the current 
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profile, described above, is shifted towards the ark 
discharge event. 

So, therefore, the energy in the light increases, as the 
frequency is shifted further below the resonant value, 
and decreases as it is moved closer to it. As the 
frequency is steadily decreased, however, it becomes more 
and more difficult to maintain control over the safe 
point, this sets the extreme limit for operation within 
this effect. The present invention preferably uses all 
the above described techniques to get as close to the 
maximiHa deviation, it preferably does this by trying to 
produce the best energy stability that is practically 
possible . 

Referring back to Figure 1, the inverter control unit 
causes the signal inverter circuit 7 to operate in the 
low-frequency regime (regime A of Figure 1) in which 
signal frequencies are below the resonance frequency of 
the ballast circuit in use. Consequently, increases in 
the power delivered to the discharge light from the 
inverter circuit via the ballast circuit may be provided 
simply by decreasing the AC power signal frequency to 
cause that frequency to approach the resonance frequency 
of the ballast circuit and therefore to "'climb'' the 
resonance peak associated with the frequency response of 
that circuit. Conversely, reducing the a.c. power signal 
frequency causes the signal frequency to "'climb down" the 
resonance peak thereby increasing the power delivered to 
the discharge light. 

Since the frequency of the AC power signal supplied to 
the inductor of the ballast circuit 11 is low (and 
particularly because it is below the resonance frequency 
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associated with the ballast circuit) , the inductor will 
be caused to saturate during a portion of each half-cycle 
of the alternating current supplied thereto, by the 
inverter circuit, 

5 

Figure 6 schematically illustrates an example of an AC 
waveform of a current II supplied to the ballast inductor 
L by the inverter circuit 1, together with a waveform of 
the induced voltage Vl generated across the inductor L as 

10 a result of the waveform of the current I^. In the absence 
of the generation of induced voltage within the inductor 
L of the ballast circuit 11/ an alternating square-wave 
electrical current waveform 60 as generated by the 
inverter circuit 7 could, in principle, be delivered to 

15 the inductor L. However, due to the rapid variation in 
supplied current at the falling and rising edges of the 
square wave current 60, an induced voltage is generated 
in direct proportion to that rate of current change. As 
is well known, the induced voltage opposes the change in 

20 current responsible for its ovm creation with the result 
that an otherwise sharp/step increase in current is 
reduced to a waveform 61 which increases exponentially at 
positive polarity portions of the waveform, and decreases 
exponentially at negative polarity portions thereof. The 

25 initially rapid exponential increase/decrease of the 
rising/ falling edge of the waveform 61 of the delivered 
current It is accompanied by a sharp induced voltage spike 
70 which subsequently exponentially decays as the 
delivered current II approaches and reaches its maximum 

30 steady-state or ^^saturation" value, and therefore the 
magnitude of the induced voltage (V^) is negligible. 

Thus, in the low frequency regime, below resonance 
frequency, one is able to drive the ballast circuit with 
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the inductor in a saturated state during a portion Ts of 
each half -cycle period T of the inverter AC current 
. waveform. During this saturation period a substantially 
constant current is supplied to the discharge light with 
5 the beneficial consequence that the light output of the 
discharged light will remain substantially uniform during 
this period and not vary as would otherwise be the case 
were the supplied current to continually vary. 

10 Figure 4 illustrates the power monitor unit 15. Like 
items, as between Figure 3 and Figure 4 have been 
assigned like reference symbols for the purposes of 
consistency. The functional and structural description of 
like items referred to above with reference to Figure 3 

15 applies equally to the corresponding items in Figure 4. 

Figure 4, the ballast circuit .11, a ballast inductor 20 
(L) capacitor 21 (C) thereby collectively forming a 
series LC-resonant ballast circuit. Capacitor 22 creates 
20 a low pass DC averaging for the passive half of the 
bridge configuration, it plays no part in the tuning of 
the resonant circuit. 

The ballast circuit 11 and the discharge light 13 are 
both connected the monitor unit 15 such that the former 

25 and the latter are connected to the grounded terminal GND 
via the suppression filter of the monitoring unit 15. The 
monitoring unit has a first signal input 100 connected to 
the output terminal of the ballast circuit 11, this being 
the terminal of the capacitor C of the ballast circuit 

30 which is other than the terminal thereof connected to the 
ballast incJuctor 20. In addition, the monitoring unit has 
a second input 200 connected to the output terminal of 
the electron emitter filament 14 of the discharge light 
being the electrode of the discharge light not directly 
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connected to the ballast inductor 20, Thus, the first and 
second input terminals, 100 and 200 respectively, of the 
monitor unit .15 respectively receive the electrical 
current concurrently output by the ballast circuit 11 and 
the discharge light 13 respectively. 

These simultaneously received currents are mixed by the 
hxgh frequency suppression filter of the monitor unit 
Which comprises a first filter arm consisting of a diode 

25 biased to prevent current flowing other than into the 
suppression filter along that arm, and a first resistor 

26 subsequent to the diode 25. A second filter arm 
comprises a resistor 23 and terminates at a grounded 
terminal GND. A third resistor connects the first filter 
arm, at a point intermediate the diode 25 and the first 
resistor 26, to the second filter arm at a point 
subsequent to the second resistor 23. A filter capacitor 

27 connects the terminal end of the first filter arm 
(subsequent to the first resistor 26) to the terminal end 
of the second filter arm (subsequent to the point of 
connection thereupon of the third resistor 24) thereby 
connecting the • terminal ends of the first and second 
filter arms collectively to the same grounded terminal 
GND. Each filter arm is connected to both of the first 
and second monitor input terminal (items 100 and 200) 
The result is a mixing of the currents output by the 
ballast circuit 11 and the discharge light 13 
simultaneously, the subsequent filtering of the mixed 
currents, and the ultimate sensing of the filtered mixed 
currents at a current sensor 28 operatively connected to 
the output of the suppression filter between the first 
resistor 26 of the first filter arm and the filter 
capacitor 27 inter connecting the first and second filter 
arms. The filter circuit 15 serves several purposes; 




firstly it creates a common total energy sense point that 
is sensed by the controller/ secondly it allows the 
riBference to be sensed at a ground point that is 
positioned close to the controller and therefore contains 

5 minimum spurious signals, thirdly it means that the sense 
converter process can detect in a single sample the value 
presented (if there where no close coupled high frequency 
filter then there is every chance of a noise spike being 
processed as the actual value, this would lead to major 

10 problems in any correction response) . 

Upon sensing the combined/ mixed output current at the 
sensor 28 of the monitor unit 15, the value of the sensed 
current is digitised in an analogue to digital converter 

15 of the monitor unit (not shown) , and the digitised sensed 
current value is transmitted to the MPU control unit 17 
via the communication link 16 for subsequent recording, 
averaging and comparison with predetermined ^^normal'' 
values of the combined current stored within the MPU 

20 control unit. 

Exemplary modes of operation 

Examples of a preferred mode of operation of an 
25 embodiment of the present invention (in any one or more 
of its aspects) shall now be described. 

The nature of the voltage and current drive signals 
delivered to the discharge light by the ballast circuit 
30 11 are sensitively dependent upon the nature and form of 
the AC signals delivered to the ballast circuit 6 by the 
inverter circuit 7 in use. In order to provide optimal 
control of the waveform of the AC signal delivered to the 
ballast circuit, the generation of the positive-polarity 
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parts and the negative-polarity parts of the inverter 
output signal are separately and individually controlled 
such that opposite polarity parts may be independently 
formed. 

Like items, as between Figure 3, Figure 4 and Figure 8 
have been assigned like reference symbols for the 
purposes of consistency. The functional and structural 
description of like items referred to above with 
reference to Figure 3 and Figure 4 applies equally to the 
corresponding items in Figure 8. 

Figure 8 schematically illustrates the means by which 
such waveform control is effected. The MPU control unit 
17 includes a first control signal generator in the form 
of a first programmable pulse-width modulator (PWM) 260 
and a separate second control signal generator in the 
form of a second programmable pulse-width modulator (PpgM) 
270 each being arranged to separately generate first and 
second inverter control signals respectively. Each of the 
first and second control signal generators is 
programmable to exist in either an active state in which 
a generator output is produced thereby, or in an inactive 
state in which no generator output is produced thereby. 
The inverter controller further includes a programming 
unit in the form of a micro-processor unit (MPU) 280 in 
separate communication with each of the first and second 
PWMs via respective data links 290 and 300. The MPU is 
arranged to successively re-program each of said first 
and second control signal generator means so as to 
alternate between an active state and an inactive state. 
Obviously, an inverter control signal is generated 
according to the presence and absence of such control 
signal generator outputs. 
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The MPU control unit 17 is arranged to input the first 
and second inverter control signals (320 and 310 
respectively) to the inverter 7 via separate respective 
control signal input channels 240 and 250 which 
5 collectively define the communications link 18. The 
high-side 9 of the inverter, responsible solely for the 
generation of positive-polarity parts of the inverter 
output, is therefore directly connected and in 
communication with only the first of the two separate PWM 
10 control signal generators 260. Similarly, the low-side 
10 of the inverter, being responsible solely for the 
generation of negative-polarity parts of the inverter 
output, is in direct communication with only the second 
of the two PWM control signal generators 270. 

15 

The high-side 9 of the inverter generates a positive 
polarity pulse in response to the presence thereat of a 
first control signal pulse from the first PWM 2 60 and 
outputs the pulse at a high-side output port 220. 

20 Similarly, the low-side 10 of the inverter generates a 
negative polarity pulse in response to the presence 
thereat of a second control signal pulse from the second 
PWM 270 and outputs the pulse at a low-side output port 
230. Concurrent outputs at the low-side and high-side 

25 output ports are combined and output as the inverter 
output signal 8 at any given point in time. Thus, 
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appropriate shaping and timing of the PWM control signal 
pulses, and therefore of the high-side and low-side 
outputs of the inverter, determines the form of the 
inverter output. 

Figure 9 schematically illustrates an example of the 
relative timings of the first [V^^) and second (V^l^) 
inverter control signals. While Figure 9 illustrates 
relatively uniform square-wave type control pulses, it is 
to be understood that the first and second control 
inverter signals may be generated other forms in such a 
way as to control any of the amplitude, frequency, phase, 
shape or energy of any single cycle of the alternating 
output of the inverter means. 

Each of the first and second inverter control signals 
comprises a train of control signal pulses as illustrated 
in Figure 9. The inverter control means is arranged to 
generate successive control signal pulses of the two 
separate inverter control signals alternately such that 
any control signal pulse of any one such inverter control 
signal is present only if a control signal pulse of the 
other such inverter control signal is absent thereby 
avoiding the temporal overlap (or interference) of the 
former with the latter. 
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This is achieved by the MPU programming unit 28 0 which is 
arranged to alternately prevent one of the first PWM 260 
and the second PWM 270 from generating of a control 
signal pulse (e.g. pulse 330 of Figure 9) while 
simultaneously causing the other of the two PWMs to 
generate such a pulse (e.g. pulse 340 of Figure 9). Each 
of the first and second PWMs is programmable between an 
active state in which a signal, and V^l,^ 

respectively, is output thereby, and an inactive state in 
which no signal is output thereby. The programming unit 
MPU 280 alternately re-programs the first and second PWMs 
to be either in opposite such states, or to be 
concurrently in an inactive state. The programming unit 
MPU 280 contains software programmed to assign a control 
period of duration T alternately to the first PWM 2 60 and 
the second PWM 270. During a given assigned control 
period T, one PWM is held inactive (no output) while the 
other PWM is programmed by the MPU to become active 
(output produced) . However, before the given control 
period T expires, the software within the MPU adjusts the 
duration of the control period T to be a shorter control 
period T'=T-A/and re-programs the currently active PWM, 
but not the currently inactive PWM. Consequently, at a 
time T' the currently active PWM becomes inactive while 
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the other inactive PWM remains so for a further "dead- 
time- time period . The MPU then returns the control 
period to a value T and repeats the above procedure in 
respect of the other of the two PWMs (i.e. the two PWMs 
5 swap roles) . 



The result is that either a first control signal pulse 
330, or a second control signal pulse 340, or no control 
signal pulse is generated by the inverter controller at 
10 any given time. Notably, the concurrent generation of 
both a first and a second control signal pulse is 
avoided. 
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The result is that the duration of control signal pulses 
alternately generated by the first and second PWM are 
controlled to provide a variable Mead-time" ( 
i=l,2,3...) between successively generated such pulses 
during which no control signal pulse of either of said 
two separate control signals exists. Each individual 
dead-time may be separately chosen by the MPU 280 so as 
to manipulate the waveform of the control signals 
separately and of the alternating output 8 (waveform V 

out 

of Figure 9) of the inverter circuit. 

With this control ability it is possible to generate 
appropriately timed excitation pulse signals which are 
then input into the discharge light via the ballast 
circuit. The time between to successive rising edges of 
the high-side PWM control signal determines the frequency 
of the inverter AC power signal. The timing form of these 
PWM drive signals are caused to change dynamically in 
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response to the needs of the feedback circuit 15. The 
basic modes of control are; pre-ioniser sweep start-up 
. the post ionisation ramp-up, full power running 
condition, first phase dimming, second phase dimming and 
5 inverter shut-down. In support of most modes there is the 
underlying safety protection monitoring that are required 
to provide general defence against inverter over current, 
inverter over voltage and mains supply under voltage. 

10 Pre-ionisation sweep start-up mode; 

The first of the control modes of the present embodiment 
uses the inverter control means of the ballast controller 
to control the inverter circuit 7 so as to be greater 

15 than the resonance frequency of the ballast circuit 11 by 
an amount sufficient to prevent operation of the 
discharge light, and to subsequently reduce the frequency 
of the inverter output signal until the discharge light 
becomes operational or a predetermined fault condition 

20 limit is reached. 

Thus, the inverter control means may be arranged to 
control the start-up of the discharge light in a manner 
which avoids simply applying a large instantaneous strike 

25 voltage to the discharged light in an attempt to cause 
the light to ignite. Consequently, the damaging effects 
of applying such large instantaneous strike voltages upon 
the circuitry of the ballast controller, the ballast 
circuit and the components of the discharged light are 

30 avoided. Additionally, by sweeping through successively 
lower frequency values, and thereby gradually increasing 
the magnitude of the voltage delivered across the 
discharge light by the ballast circuit, the inverter 
control means is able to accurately search for the value 
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of the strike voltage which is just enough (but no more) 
to cause the discharge light to ionise and become 
conductive. 

5 Referring to Figure 2, the frequency response one of the 
ballast circuit 11, as connected to a discharge light 13 
in a non-conducting state (i-e. switched off), possesses 
a resonance at signal frequency Ores which is less than 
the signal frequency coo of the AC signal output by the 

10 inverter circuit 7 (as controlled by the MPU control unit 
17) . In accordance with the resonance profile 1 of the 
ballast circuit 11, the voltage 3 delivered by the 
ballast circuit 11 to the discharge light 13 in response 
to an AC inverter output signal of frequency coo/ is less 

15 than the strike voltage Vstrike at which the discharge 
light 13 would be caused to ionise. The MPU control unit 
17 generates control signals which, when input to the 
inverter circuit 7 cause the frequency of the signal 
output thereby to steadily reduce in value. The power 

20 monitoring unit 15 periodically samples the electrical 
current passing through the ballast circuit in response 
to the inverter AC signal input to it, and communicates 
the sampled values to the MPU control unit 17. The 
received sample values are compared with predetermined 

25 values associated with, or indicative of, the discharge 
light gas in a conductive state (i,e, switched on, plasma 
created) . Should this comparison indicate that the 
discharged light has not ionised, the MPU control unit 
causes the frequency of -the inverter AC output to further 

30 reduce towards the resonance frequency of the ballast 
circuit thereby increasing the voltage delivered by the 
ballast circuit to the discharge light. This process 
continues until the monitored value of the current 
passing through the ballast circuit is found to be 
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indicative of the ionisation in the discharge light 
(sensed current suddenly reduces) . At this point the 
frequency of the AC inverter output signal has reached a 
value Mstrike which is sufficiently close to the resonance 
5 frequency of the ballast circuit as to generate a voltage 
Vstrike across the discharge light 13 sufficient to cause 
ionisation thereof. When this condition is reached, the 
MPU control \anit 17 halts further reduction in the 
frequency of the inverter AC output signal. 

10 

Consequently the steady downward sweeping in signal 
frequency has the benefit of providing a high voltage 
ramp-up along a gentle slope towards the strike voltage, 
value, thereby reducing stresses on the circuit 

15 components of the signal inverter, the ballast circuit 
and the discharge light. It is to be noted that the value 
of the strike voltage is effectively the minimiam value of 
voltage at which strike occurs across the particular 
discharge light 13 used. This is in contradistinction to 

20 existing ignition systems which apply an instantaneous 
and very large strike voltage which is often larger in 
magnitude than is actually required to cause the 
discharge light to ignite. 

25 As a safety measure, the MPU control unit is also 
operable to prevent further reduction in inverter output 
frequency, during the downward frequency sweep, if it is 
determined (via the monitor unit 15) that a maximum safe 
current/voltage has been reached in the sense that 

30 exceeding these would damage or destroy the inverter 
circuit . 



An important aspect of this mode is that the operational 
point at which the discharge light will ionise (strike) 



63 

is not necessarily the point at which the continuation of 
the same will operate the light at its maximum energy 
level. Indeed it is generally the case that following the 
onset of the strike further operational changes will be 
5 required to reach maximum radiate light output from the 
discharge light. 

Post-ionisation ramp-up mode: 

10 The second of the control modes embodied herein uses the 
inverter control' means of the ballast controller to 
control the inverter circuit 7 to safely transition the 
discharge energy from the strike state to the maximum 
energy state. 

15 

Following the ionisation sequence the energy level in the 
discharge light will be a value suitable to. maintain a 
fully formed plasma but this will not necessarily be at 
the maximum radiate energy possible. The present 

20 embodiment then uses at least the first aspect of the 
invention to achieve this, the method is as described 
previously and is the phenomenon discovered by the 
inventor that the discharge txibe can be more efficiently 
operated if the wave shape of the inverter output is 

25 allowed to be a slope-edged scjuare wave as is possible 
using a inductor that is pushed into its saturation 
point. 

In the current embodiment of the invention this means 
30 that the inverter operated through an LC ballast which is 
set to resonate at approximately 61KHz. This value is 
not key but does represent a value that is nether to low 
so as to cause the passive components to be larger that 
necessary and not to high that the electromagnetic losses 




become significant. To keep the operation from excessive 
current loads the place that is traditionally used to 
operate the inverter would be slightly above this say 63- 
65KHZ. At this frequency the discharge light will be 
5 operating at the most stable condition as its impedance 
will ^Mamp''' the resonance when voltage across the C 
element changes these changes will be balanced by the 
negative impedance of the discharge light itself. 
However, in the present embodiment this is reversed to 
10 below the resonant value. In the case of the current 
embodiment it is set at 60HKz. This is not the most 
efficient frequency only the most stable the inductor is 
designed to slightly under-run the energy to the light by. 
about 10%. 

15 

Full power running mode: 

The third of the control modes of the present embodiment 
uses the inverter control means of the ballast controller 
20 to maintain the discharge light at the optimum maximum 
energy state. 

To reach the maximum radiate light output the inverter 
frequency is reduced fairly quickly, say within lOOmS, to 

25 a value were the saturation increases the current through 
the ballast and light to a predetermined value which 
represents the maximum current safely allowed. The point 
at which this occurs is not stable, the discharge light 
is operating on the verge of entering the 3'''^ phase of 

30 discharge - ark. If the light is allowed to enter the ark 
phase, current will increase suddenly, the resistance of 
the plasma drops to a fraction of the glow discharge 
state and the voltage required to sustain the ark is much 
lower than the glow required. In this state the super 
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conducting plasma will rapidly damage the electrodes by- 
spot pitting and the conduction element, mercury or 
xenon, will be absorbed. The very high currents will also 
overload the inverter and cause destruction of the power 
5 driver transistors. 

As the stability becomes more critical, as the flat 
current state is extended, it becomes more and more 
difficult for the power controller device, the MPU, to 

10 maintain the safe margin. It is this that determines the 
below resonance high efficiency limit of the present 
embodiment. The closer to the edge of the ark state the 
more efficient will be the energy conversion. Fluorescent 
discharge lights are already very efficient at energy 

15 conversion and the degree of improvement available is 
fractions but as any improvement represents lower energy 
consumption and therefore ultimately lower CO^ emission to 
produce the same radiate light output it is a very 
desirable effect. 

20 

The ability to hold the ballast in this region is made 
possible only by maintaining the delivered energy within 
as constant band as possible. It has already been 
described how the invention manages this by multiple 

25 properties of AC and DC power signals being monitored on 
a cycle-by-cycle and other aspects of the present 
invention, the most pertinent being predictive 
compensation. The overall goal is try to keep the energy 
within any cycle to better than 2% of any other at that 

30 average power state. The process described here is very 
much affected by temperature within the discharge light 
itself and time compensation must also be used to allow 
for the fact that the tube will only run at peak 
efficiency at around 40°C (measured at the electrode 
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points) below this temperature and the tube is less 
stable and the region of improved efficiency, is much 
reduced. This change must also be compensated for when 
the discharge light is operated in any dimmed level as 
5 the heat inside the light will be equally reduced - 

In a further enhancement of this aspect the discharge 
light could be operated in near DC energy drive. 
Fluorescent lights are operated by AC energy for several 

10 reasons not least of which is that the ballast has to be 
AC to function. On top of this is the fact that if DC 
were used then the ionisation plasma field would always 
flow in same direction. This would cause the cathode 
(negative) end to be darker than the positive (anode) end 

15 due to the formation of various so called rings, these in 
the cathode . dark space, the Faraday dark space and the 
Aston dark space. This would look odd but worse is that 
the cathode electrode would be eroded at twice the rate 
so reducing the light life expectancy. 

20 

The advantages of operation at DC levels are strong as 
the conversion rate would be optimal but the 
disadvantages have always made this a non-starter. 
However a further possibility using this invention opens 

25 up a potential opportunity to operate the light in a slow 
AC being a virtual DC mode. This aspect being stabilised 
by high speed rectified PWM which achieves the DC 
requirements but is direction flipped at low speed to 
achieve the best discharge light endurance, this process 

30 being handled by the intelligent power controller in each 
direction. 

Discharge light dimming method: 
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A preferred method of discharge light dimming according 
to a preferred embodiment of the invention shall now be 
described. 

There are two principal prior art dimming methods 
currently known: firstly varying the source DC supply 
voltage to the AC inverter; and secondly reducing the 
active period of the energising AC pulses to the 
inverter. These both produces less available energy in 
the resonant circuit and leads to the peak current 
through the discharge lamp reducing, because of the 
negative resistance of the tube, this causes the current 
to decrease. This is an effective method but the problems 
are that to maintain the plasma the heaters must always 
be used and must preferably stay at the same current as 
they experience at full power. This is because the 
heaters are used to excite the gas within the light so 
that less potential is required to maintain the 
conduction plasma. Another disadvantage of this method is 
that the power conversion is less efficient in the 
inverter and there are more electronic circuits required 
which also create loss in the form of heat, the 
collection effect of this is dimming but without saving 
equivalent supply energy, this is not desirable when the 
goal is to save power and therefore CO^ gases. 

First phase dimming mode: 

The fourth of the control modes embodied by the present 
invention, uses the inverter control means of the ballast 
controller to control the inverter circuit 7 to safely 
transition from the maximum energy state to the initial 
reduced energy states. 
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At the start of the first stage of dimiaing the discharge 
light is operating at the below resonance compensated 
state. The first sequence of diitoiiing is to move from this 
full power state to the close resonant state where the 
5 inductor and capacitor of the resonator will provide the 
maximum stabilisation for changing load conditions. It 
has already been stated that the difference between these 
two power states is approximately 10% so the power 
controller adjusts the inverter AC power signal such that 

10 the average frequency is increased until it is just below 
the natural resonant frequency of the ballast. This can 
be effected by variable or fixed step means. In the 
current embodiment of the invention this is performed by 
using two predefined steps taking the AC frequency from 

15 approximately 40KHz to 61KHz this produces a actual 
measured reduction of 13%. 

Second phase dimming mode; 

20 The sixth of the control modes embodied by the present 
invention, uses the inverter control means of the ballast 
controller to control the inverter circuit 7 to safely 
transition from the first phase of energy reduction to 
the minimum practical reduced energy state. 

25 

At the start of the second stage of dimming the discharge 
light is operating at just below the resonance frequency. 
This second sequence of dimming is performed by a 
technique that uses separated AC inverter output pulses 
30 having a frequency equal to (or a multiple of) the 
resonance frequency of the ballast circuit. 

To allow these single pulses to be generated, the 
inverter is controlled generate resonant excitation 
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pulses according to the resonant ^'ringing" periods of the 
ballast circuit. A resonant circuit, when excited by a 
pulse at the resonant frequency, will naturally ring 
(resonant) at that frequency as the energy is switched 
5 back and forth between the inductor and capacitor. If a 
further pulse were applied when this ringing was at an 
opposite state to that of the applied pulse, then un- 
necessarily damaging large currents would be forced to 
flow through ballast and driver transistors. To further 

10 explain this, if the resonant circuit where swinging 
negatively, due to ringing, in the negative half cycle 
. and the inverter switched its positive transistor on 
there would be a large difference between the two energy 
points that would have to be instantly equalised. This 

15 causes (at the very least) EMC emissions as the 
electronic circuit generates high energy noise which 
would be undesirable, and (at worst) the energy would be 
so great that the output transistors would be overloaded 
by the direct currents or the general heat generated 

20 leading to their early failure. 

Thus, preferably, the excitation pulse signal is input to 
the discharge light preferably only when the inductor is 
close to, or at, the zero energy state. At this state the 

25 new pulse injection will not have to absorb any of the 
demagnetising energy from the inductor. This will 
naturally induce a single cycle that is power efficient 
and allows the inductive-capacitive (LC) ballast circuit 
to use the full pulse period to generate gain. This means 

30 that the voltage so generated across the capacitor (C) of 
the inductor capacitor pair is maximised at a time when 
the fluorescent light begins to experience a gradual 
collapse in its plasma as the average energy delivered is 
reduced. It has been found that the increase in the 




voltage across the light that maintains a discharge at 
the lower average energy may be as. much as three times 
the voltage at the full radiate power level. 

5 Thus, therefore/ to allow the dimming technique to 
function optimally, the excitation pulses are most 
preferably appropriately temporally spaced by the power 
controller such that they are applied to the ballast 
circuit during the correct phase (positive or negative) 
Id of a ringing cycle within ringing ballast circuit, and 
that the ballast energy level is as close to zero as 
possible at the instant of excitation pulse injection. 

Using this second phase of dimming technique the power 
15 controller may use the power savings associated with the 
present dimming method to form part of an overall energy 
conversation scheme. To deliver the second phase of 
dimming the power controller adjusts the inverter AC 
power signal such that a single excitation pulse, of the 
20 same frequency (duration) as that of the excitation pulse 
generated at the end of the first phase of dimming, is 
generated by the inverter. 

Then by increasing the time period between successive 
25 pulses the average energy delivered to the discharge 
light is reduced. The gap between pulses is adjusted by 
the power controller to ensure that the pulse is injected 
at the correct ^""ringing" phase point of ballast circuit 
as described above. Otherwise, the interval between 
30 successive excitation pulses may be varied in 
predetermined steps or may be continuously variable 
states. As the average energy delivered to the light is 
reduced, so too is the amount of heat generated within 
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the discharge light itself. This reduction in heat only 
aids the operation of the technique. 

Shut-down mode; 

5 

The seventh of the control modes embodied by the present 
invention, in another of its aspects, uses the inverter 
control means of the ballast controller operative using 
the means previously described, to place the inverter 
10 circuit 7 in a stable non-operating state which best 
minimises energy consumption. 

This mode includes controlling the inverter to place the 
ballast circuit, and therefore the discharge light 

15 itself, into an un-powered state. This is accomplished by 
halting signals to both drive transistors of the inverter 
and allowing the resonator of the ballast circuit to 
relax. This means that all drive signals and monitoring 
circuits are at zero energy levels. The power controller 

20 is preferably still operable during the un-powered state 
and arranged to monitor any the communications interface, 
and/or manual control inputs, and/or infrared sensing 
inputs (discussed below) it may possess - 

25 When in the un-powered state, the supply power 
consumption of the power controller is virtually zero 
making this a very important state in an overall low 
power secondary lighting scheme. When it is required to 
return from this leave the un-powered state, the turn-on 

30 sequence may go through the full power-up process as 
described above. 

The networking of power controllers; 
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An example of the networking (collective control) of a 
plurality of power controllers of the present invention 
shall now be described. 

5 In a further ' embodiment of the present invention the 
ambient illumination monitor 92 of the power controller 
is arranged to monitor environmental/operational 
conditions in the environment of the discharge light 13, 
and to communicate the monitored conditions to the MPU 

10 control unit 17 via the communication link 94 connecting 
the former to the latter. The programming unit MPU 280 of 
the MPU control unit 17 is a re-programmable mirco- 
processor unit arranged to proceiss software which, when 
processed, generates control signals for use in 

15 controlling the inverter AC power signal 8 generated by 
the inverter circuit 7 thereby to adjust the power 
delivered to the discharge light 13 via the ballast 
circuit 11. 

20 The programming MPU 280 is operable to re-program itself 
according to the environmental /operating conditions as 
determined by it according to the monitor unit 92 
responsible for monitoring those conditions. Thus the 
programming MPU 2 80 is able to modify the software 

25 contained within it such that, when processed thereby, it 
generates accordingly modified control signals for use in 
controlling the AC power signal output by the inverter 
circuit 7 activating a level within the dimming phases 
described previously. 

30 

Alternatively, or additionally, the monitoring unit 92 is 
arranged to receive specific re-programmed signals from a 
user in response to which the re-programmable MPU 280 is 
operable to re-program itself. This direct re-programming 
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function is preferably effected remotely using infra-red 
(IR) communication means for conveying the re-programmed 
signal from the user to the power controller - 

5 The power controller is operable to re-program in 
response to changes in the monitored 

operational/environmental conditions monitored by the 
monitoring unit 92. For example, the MPU control unit 17 
may contain software to enable it to appropriately re- 

10 program in response to predetermined changes in 
properties of the DC power input to, or the AC power 
output from, the inverter circuit 7, or changes in the 
ambient illumination level at the ' location of the 
discharge light 13. The software contained within the MPU 

15 control unit may also be re-programmable thereby in 
response to the detected presence of other power 
controllers, such as the one presently described, within 
the environment of the power controller in question, 

20 Thus, the re-programmable power controller is able to re- 
program itself as it determines necessary in order to 
adapt to changes in the operating environment . For 
example, if it is detected that the DC power input level 
6 to the inverter circuit 7 is subject to random 

25 fluctuations, the MPU control unit 17 contains software 
enabling it to re-program itself in order to adapt the 
control methodology by which it compensates for DC signal 
input power variations. More particularly, when the power 
controller detects that other such power controllers are 

30 present within its operating environment, the MPU control 
unit is operable to re-program itself to enable it to 
control the inverter circuit 7 according to the operating 
conditions of the other of the power control units. In 
this way, a plurality of power control units is able to 




operate collectively as a network of inter- communicating 
power controllers. 

This communications is preferably performed by using an 
5 on-board low voltage isolated single wire data signal. 
Across this data link may be sent commands under a 
general protocol known to some/all such power controllers 
such that they are able to nominate a single master that 
will act as the centre controller for the network so 

10 formed. Preferably, only one such member of a network 
would then provide the ambient light monitoring function 
and communicate information regarding (or resulting from) 
that monitoring to all members so connected. With this 
data link, multiple power controllers may be arranged to 

15 coordinate a strategy /method for controlling the ambient 
light level within a given region/area (e.g. the zone 
occupied by the coordinating controllers) . Multiple zones 
of mutual coordination may be so formed in the same way 
and these zones linked/ inter-networked by similar data 

20 link to form a total environmental solution for light 
within any space. 

An further or alternative use of the internetworking 
method and apparatus described herein is the remote/local 

25 control of remotely or locally control a large space so 
as to reflect the needs of the usage of that space. The 
power controllers of the network may be arranged to 
accept manual or automated command inputs to set zoned 
.light levels or target ambient conditions or basic on/off 

30 requests. A further enhancement of this communications 
link is that information may be sent from the power 
controllers as well as to them. In this way individual 
power controllers may be arranged to communicate (report) 
their operating conditions, including faults and 
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configuration settings, back to a local or remote logging 
or monitoring point/location/facility. This may include 
details of current and past power consiomption levels 
directly read from the individual power controllers 
themselves. This permits an interactive and dynamic 
maintenance/ performance system. 

This collective/network reprogrammability permits a 
plurality of power controllers to operate according to a 
collective light -management strategy whereby the radiant 
output power of each discharge light of the network of 
lights is controlled according to the radiant output 
power of the others of the network. This collective 
management may be a common software means contained 
within each controller of the network which, when 
processed, causes collective light operation so as to 
produce the optimal/desired collective light output. 

Separate power controllers within such a network may 
communicate their individual operating conditions, and 
their respective monitored environmental operating 
conditions, to each one of the other power controllers 
within the network. This inter-controller communication 
may be effected, for example, via wireless (e.g. infra- 
red (IR)) communications techniques. 

Referring to Figure 11, the ballast circuit 12 contains 
an inductor L across which a back-e.m.f. (Vl) is generated 
in response to the a.c. power signal 8 delivered to the 
ballast circuit by the signal inverter circuit 7. In 
this embodiment of the present invention, the power 
monitor means 15 of the power controller is arranged to 
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monitor the inductor voltage Vl generated across the 
inductor L in response to the a.c, power signal. The 
power monitor 15 periodically samples the inductor 
voltage Vl and delivers the sampled results periodically 
5 to the MPU control unit 17 via the communication link 16 
between the power monitor and the MPU control unit. This 
monitoring function of the power monitor means 15 may be 
in addition to, or instead of, any of the power 
monitoring functions of the power monitor means discussed 
10 above . 

In response to the monitored values Vl so received, the 
programming unit MPU 280 of the MPU control unit 17 
determines whether or not the received sample value of 

15 the inductor voltage is both below a pre-set threshold 
value and is falling in magnitude. When the programming 
unit MPU 280 determines both of the latter conditions to 
be present, it programs each of the first and second 
PWMs, via respective data links 290 and 300, to generate 

20 appropriately timed first and second inverter control 

signal pulses (320 and 310 respectively) for input to the 
inverter circuit 7 via separate respective control signal 
input channels 240 and 250 which collectively define the 
communications link 18 (see Figure 8) . 



25 
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The prograiDiaing unit MPU 280 controls the first PWM 260 
to generate a single control pulse, and the second PWM 
control signal generator 270 to generate a substantially 
iiniaediately successive single second inverter control 
5 signal pulse. In response to receipt of the first and 
successive second single control signal pulses, the 
inverter circuit 7 generates a single square-wave 
excitation pulse which is output concurrently with the 
a.c. power signal output thereof, 

10 

Referring to Figure 5, there is schematically illustrated 
a plot of the inductor voltage Vl generated across the 
inductor L of the ballast circuit 11 in response to the 
a^c. power signal 8 from the inverter circuit 1, together 
15 with the electrical current waveform Ipuise of excitation 
pulse signals generated by the inverter circuit 11 in 
response to the aforementioned control by the MPU control 
unit 17. 



20 Two excitation current pulse signals (80 and 81) are 
• illustrated. Each excitation current pulse signal is 
scjuare-wave in nature and has a complete cycle period Tp 
which accords the excitation pulse in question a pulse 
frequency equal to the resonance frequency cores of the 

25 ballast circuit 11, namely: 
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Tp=2n/C0res 

Consequently, the power delivered to the discharge light 
13 in response to each excitation pulse signal (80 or 81) 
5 via the ballast circuit 11 is optimised by this choice of 
excitation pulse signal frequency. Each excitation pulse 
signal begins at a point in time substantially coincident 
with the monitored magnitude of the inductor voltage Vl 
falling to a value substantially equal to 0 (zero) . Thus 

10 the first excitation pulse signal 80 is generated by the 
inverter circuit 7 changes from positive to negative 
values, while the second excitation pulse signal 81 is so 
generated when the inductor voltage Vl subsequently 
changes from negative to positive values during the cycle 

15 of the a.c. power signal 8. Thus, the time interval Tl 
between successive excitation pulse signals is 
substantially equal to one half of the cycle period of 
the a.c. power signal generated by the inverter circuit 
7. 

20 

In practice, a given excitation pulse is generated when 
the magnitude of the inductor voltage Vl falls below a 
preset threshold value which is sufficiently small as to 
be indicative of the inductor voltage being effectively 0 
25 (zero) . This predetermined threshold value is stored 
within the MPU control unit 17. 
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Thus, the appropriately timed generation of excitation 
pulse signals and their input to the discharge light via 
the ballast circuit causes the ballast circuit to 
5 generate a voltage across the discharge light sufficient 
to maintain the discharge light in a conductive state 
while the magnitude of the inductor voltage Vl remains 
below the predetermined threshold value. This energy 
injection to the discharge light enables significant 
10 reductions in the voltage applied across the discharge 
light, thereby to allow the discharge light to be 
^Mimmed", without suffering plasma drop-out. 

It is to be noted that through the use of judiciously 
15 timed and shaped excitation pulse signals (80 and 81) the 
discharge light 13 may be driven, and adjustably dimmed, 
using an a.c. power rating which is significantly lower 
than would be required in order to avoid plasma drop-out 
within the discharge light were the excitation pulse 
20 signals not employed. This is a significant energy 
saving. 

It is also to be noted that the present reversible 
dimming facility may be affected without the use of 
25 heater circuitry or methods for heating the electron 

emitter filaments of the discharge light as is typically 
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employed in prior art systems to attempt to enable the 
use of lower voltages without plasma drop-out across a 
discharge light - 

5 By injecting excitation signal pulses into the ballast 
circuit (and therefore via the ballast inductor L) when 
the ballast voltage Vl is substantially 0 (zero), or very 
nearly so, the present invention is able to inject the 
required energy pulse to the discharge light 13 not only 

10 at a time which is optimal for preventing plasma drop-out 
in the discharge light, but also which is optimal for the 
efficient transfer of energy from the inverter circuit 7 
to the discharge light 13. This is because when the 
voltage (Vl) across the inductor is (or is near to) zero, 

15 the excitation pulse signal experiences minimal 

opposition to its transit through the inductor. This 
means that the energy contained within each excitation 
pulse signal need not be significantly more than is 
reqpiired to prevent plasma drop-out within the discharge 

20 light 13 since little energy is lost in overcoming 
opposition from a substantially absent voltage (Vl) - 

In a further embodiment of the present invention, the 
power controller additional (or alternatively) includes a 
25 light monitoring means 92 arranged to monitor the ambient 
illumination level 93 in the vicinity of the discharge 
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light 13, and to communicate the monitored illumination 
levels to the MPU control unit 17 via a .communications 
link 94. In such an embodiment, the MPU control unit 17 
is operable to adjust the frequency of the a.c. power 
signal 8 generated by the inverter circuit 7 so as to 
adjust the power delivered to, and ultimately radiated 
by, the discharge light 13 thereby to control the ambient 
illumination level in the monitored vicinity of that 
discharge light. This control may be achieved according 
to control of the first and second PWMs of the MPU 
control unit 17, as controlled by the programming unit 
MPU 280 as discussed above. 

The MPU control unit 17 may have stored within it any 
number of predetermined illumination levels (or "dimming" 
levels) with which the monitored ambient illumination 
level is compared thereby. The control unit may be, for 
example, arranged to adjust the power delivered to the 
discharge light 13 in response to the monitored ambient 
illumination levels so as to maintain the ambient 
illumination level at one of the stored "dimming" level 
values. This auto-dimming feedback control link enables 
the power controller to cause the discharge light to 
generate only the required illiunination for the vicinity 
of the discharge light and no more, thereby providing a 
responsive and energy-efficient discharge lighting 
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■system. The power controller may turn off the discharge 

tube completely when monitored values of ambient 

illumination indicate that no illumination is required 

from the discharge light 13. In this condition, the 

5 illiamination monitor 92 continues to be operational, as 
does the power controller, such that when ambient 
illumination levels subsequently fall, and it is 
determined that illumination from the discharge light 13 
is' required, the power controller is operable to re-start 

10 the discharge light 13 thereby to enable the discharge 

light to assist in maintaining the required illiamination 
levels. Of course, the discharge light may be ignited 
and subsequently operated according to any of the methods 
and apparatus described above in respect of any of the 

15 other aspects of the present invention. 

A further embodiment of the present invention is now 
described with reference to Figure 10 and Figure 11, 
Referring to Figure 12, the power controller includes a 

20 d.c. power monitor 95 arranged to monitor the d.c. power 
6 input to the inverter circuit 7, and to communicate the 
monitored values of the d.c. power to the MPU control 
unit 17 via a communications link 96 connecting the 
former to the latter. The MPU control unit is arranged 

25 to monitor variations in the monitored d.c. power input 
level, and to vary the frequency of the a.c. power signal 
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8 generated by the invertet circuit 7 in response to 
detected variations in the d.c. power input 6. In this 
way, the MPU control unit 17 is arranged to control the 
a-c. power signal 8 delivered to the discharge light 13 
5 via the ballast circuit 11 so as to minimise variations 
in the power supplied to the discharge light resulting 
from variations within the d.c. monitored power input 
level . 

10 For example, referring to Figure 10, there is illustrated 
a very simplified schematic plot 90 of monitored values 
of the d.c. signal 6 input to the inverter circuit 7 as 
monitored by the d.c. monitor unit 95. The d.c. signal 
90 is not constant and irises above or falls below a 

15 threshold value TH representative of an average d.c. 

signal level. During a first time interval A, the d.c. 
level (dashed curve) is below the threshold TH, and 
subsequently is above that level during the following 
period B. The d.c. level subsequently is below, above, 

20 and once more below the threshold level TH during the 
subsequent successive time periods C, D and E 
respectively. Consequently during time periods A, C and 
E, the d.c. signal level supplied to the inverter circuit 
7 and therefore the amplitude of the a.c. power signal 8 

25 generated by and output from the inverter circuit is 
below the threshold level TH. Conversely during the 
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inteiiaediate periods B and the power level input to, 
and the amplitude of the a.c. signal output from, the 
inverter circuit 7 is above the threshold value TH. 
Thus, the periodic variations in the d.c. signal level 90 
5 results in correspondingly periodic variations in the 

amplitudes of the a.c. power signal a.c. delivered to the 
discharge light via the ballast circuit 11. These power 
variations may be visible as variations in the radiant 
power output of the discharge light 13, and thereby 
10 producing a perceptible light output flickering effect. 

In order to compensate for the resultant peaks and 
troughs in power delivered to the discharge light, the 
MPU control unit 17 is operable to control the frequency 

15 of the a.c. signal generated by the inverter circuit 7 in 
response to variations in the monitored d.c. power input 
level so as to minimise variations in the power supplied 
to the discharge light via the ballast circuit. This 
variation is done according to the frequency response of 

20 the ballast circuit whereby the MPU control unit 
generates inverter control signals which cause the 
inverter to change the frequency of its a.c. power output 
signal to recede from the resonance frequency value of 
the ballast circuit when the d.c. power input is below 

25 the threshold value TH, and to cause the inverter a.c. 
power output signal frequency approach the resonance 
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frequency when the d.c. power exceeds the threshold value 
TH. In the present example, the inverter circuit 7 is 
controlled to operate at frequencies below the resonance 
frequency of the ballast circuit 11 such that during the 
5 time intervals A, C and E, the inverter circuit is 

controlled to generate an a.c. power signal of relatively 
lower frequency (i.e. the frequency recedes from the 
resonance frequency value, which is higher than the a.c. 
signal frequency value) . Conversely, during the time 
10 intervals B and D when the d.c. power level is above the 
threshold value TH the inverter output signal frequency 
is caused to increase and to move towards the resonance 
frequency value. 

15 In this way, when d.c. power input levels are too large, 
the inverter output signal is caused to ^'climb-up'' the 
resonance peak associated with the ballast circuit 
frequency response. Conversely, while the d.c. power 
input level is too low, the inverter output signal 

20 frequency is caused to climb- down'' the resonance 

frequency profile. This reduces and increases the power 
delivered to the discharge light 13 via the ballast 
circuit 11 respectively thereby compensating for the 
oppositely-directed power variations in the input d.c. 

25 power level. 
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The MPU control unit 17 is arranged to determine the 
oscillation period of each successive half-cycle of the 
variations in the input d.c. power level. That is to 
say, the control unit determines the duration and 
location of the successive time intervals A, B, C, D and 
E. The MPU control unit is operable to vary the 
frequency of the inverter output signal so as to affect 
the appropriate change in power delivered to the 
discharge light 13 during the forthcoming cycle in the 
d.c. signal variations. This is illustrated in the 
waveform 91 of Figure 10 

Figure 7 schematically illustrates the output 
characteristics of a discharge light driven according to 
prior art power control techniques and apparatus, 
together with the operating characteristics of the same 
discharge light when driven according to power control 
.techniques and apparatus of the present invention at a.c. 
power signal frequencies below the ballast resonance 
frequency. 

Two sets of plots are illustrated in Figure 7, the upper 
set comprising the voltage across (Vi) , current through 
(Ii), and light output of (Xi) a discharge light driven 
according to a Philips BTA 58L31 ballast together with a 
phase correction capacitor fitted across an Osram 
L58W/835 white fluorescent discharge light. 
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The lower set of plots illustrates the voltage (V2) 
generated across, the current (I2) passing through, and 
the light output (bounded by lines X^2 and X^a) produced by 
the same Osram fluorescent discharge light when driven 
5 according to power control methods and apparatus of the 
present invention. Here, the fluorescent light was 
driven at frequencies below ballast resonance as 
discussed above with reference to Figures 1 and 6. The 
drive frequency was controlled according to variations in 
10 d.c. power input to the driving signal inverter as 

described above with reference to Figure 11. Control 
signal pulses were used to control the drive frequency as 
discussed with reference to Figure 9. 

15 As can be seen from the upper set of plots of Figure 7, 
the phase of the current Ii passing through the 
fluorescent light in question still lags the phase of the 
voltage Vi generated across that fluorescent light. This 
is so in spite of the presence of a phase correction 

20 capacitor having been employed with the Philips ballast. 
The waveform of both the voltage Vi and the current Ii is 
substantially periodic and substantially continuously 
varying. Consequently, the measured light output Xi was 
also found to be broadly periodic in form possessing a 

25 dominant low frequency component with a number of very 
high frequency components superimposed upon the dominant 
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low frequency component. The low frequency component 
produces a flickering effect. 

Conversely, the lower set of plots illustrates that the 
discharge light voltage V2 and current I2 are not only 
brought into phase according to the present invention, 
but that each also shows much less distortion by virtue 
of the fact that the load is substantially constant 
across each cycle of those waveforms. The light output X2 
has had substantially removed from it the dominant low 
frequency component present within the light output 
waveform Xi. Consequently, predominantly only the high 
frequency light output components remain within the light 
output signal X2 such that the light output oscillates 
rapidly between the upper output limit X^z and the lower 
limit X^2 with little or no low frequency oscillations 
therein. Consequently, the light output X2 shows very 
little or substantially no flicker. It is to be noted 
that the waveform of the discharge light current I2 is 
substantially flat during each ''saturation period" Ts 
during which the current delivered to the discharge light 
is substantially constant. Additionally, the proportion 
of each cycle of the discharge light current I2 during 
which the current undergoes significant changes in 
magnitude (i.e. the periods in between each successive 
^'saturation period'') is relatively small, thereby 
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reducing visible flicker in the light output of the 
fluorescent light. 



The steady state value of Vi and V2 was 230 volts (a.c.)- 
5 The corresponding steady state values of Ii and I2 were 
found to be 423inA a.c. and 226 mA a.c. respectively. The 
d.c. value of the light outputs Xi and X2 were 
substantially equal. Thus, the fluorescent light when 
driven according to the power control methods and 
10 apparatus of the present invention was found to operate 
at a significantly lower power rating, produced 
significantly less flicker. 

It is to be noted that in practice a time lag will exist 
15 between the implementation of an inverter frequency 
change and the effect of that change becoming apparent 
upon the power delivered to the discharge light via the 
ballast circuit. The dotted DC signal curve of Figure 10 
is purely for illustrative purposes, while the solid 
20 curve 90 of Figure 10 more accurately reflects the 
relative phases (lag accounted for) between inverter 
output and input signals. 



It is to be appreciated that modifications to or variants 
of any one of the embodiments described above, such as 
would be readily apparent to the skilled person, may be 
made without departing from the scope of the invention. 



30 
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CLAIMS: 

1. A method for controlling the power delivered to a 
discharge light by an alternating (AC) power signal via a 

5 ballast circuit which resonates at a predetermined value 
of the frequency of said alternating power signal, the 
method including; 

maintaining the value of the frequency of said 
alternating power signal to be less than said 
10 predetermined value. 

2. A method, according to Claim 1 including monitoring 
the power delivered to the discharge light by the ballas.t 
circuit/ and adjusting the alternating power signal- in 

15 response to variations in the delivered power so as to 
stabilise the delivered power. 

3. A method according to Claim 2 including monitoring 
the value of a selected property of the alternating power 

20 signal: as input to the ballast circuit; and/or, as 
present within the ballast circuit; and/or, as delivered 
to the discharge light, and deriving from the monitored 
value of the selected property a measure of the power 
delivered to the discharge light. 

25 

4 . A method according to Claim 3 in which said selected 
property is the value of the electrical currents both as 
present within the ballast circuit and as concurrently 
delivered to the discharge light. - 

30 

5. A method according to Claim 4 including comparing 
the values of said electrical currents present within the 
ballast circuit and concurrently delivered to the 
discharge light, to predetermined respective reference 
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values thereof, and deriving from said comparison said 
measure of the power delivered to the discharge light. 

6. A method according to Claim 5 in which said 
predetermined respective reference values are values 
corresponding with a predetermined value of power being 
delivered to the discharge light via said ballast 
circuit. 

7 . A method according to any of claims 3 to 6 including 
sampling values of said selected property of the 
alternating power signal once within separate successive 
sampling periods, wherein each sampling period is no 
greater in duration than one half of the duration of a 
single cycle of said alternating power signal. 

8 . A method according to any of claims 2 to 7 including 
adjusting any one or more of the frequency, amplitude, or 
phase of the alternating power signal when adjusting that 
signal in response to variations in the delivered power. 

9. A method according to any of preceding claims 2 to 8 
including adjusting the AC power signal according to the 
frequency response of the ballast circuit when responding 
to variations in the delivered power so as to cause a 
stabilisation in delivered power. 

10. A method according to any preceding claim 
including increasing the frequency of the AC power signal 
in response to decreases in the delivered power, and to 
reduce the frequency of the AC power signal in response 
to increases in the delivered power, thereby to stabilise 
the delivered power. 
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11. A method according to any preceding claim 
including maintaining the frequency of the AC power 
signal at a value sufficiently low that during at least a 
part of a cycle of the AC power signal an inductor means 
5 of the ballast circuit is caused to saturate, whereby the 
magnitude of the back-e.m.f. induced thereby is less than 
a predetermined threshold value during said part of said 
cycle . 

10 12. A power controller for controlling the power 

delivered to a discharge light by an alternating (AC) 
power signal via a ballast circuit which resonates at a 
predetermined value of the frequency of said alternating 
power signal, including: 

15 a power control means arranged to control the AC 

power signal to maintain the value of the frequency of 
said AC power signal to be less than said predetermined 
value . 

20 13. A power controller according to Claim 12 in 

which the power control means is arranged to monitor the 
power delivered to the discharge light by the ballast 
circuit, and to adjust the AC power signal in response to 
variations in the delivered power so as to stabilise the 

25 delivered power. 

14. A power controller according to Claim 13 in 
which the power control means includes power monitor 
means arranged to monitor the value of a selected 
30 property of the AC power signal: as input to the ballast 
circuit; and/or, as present within the ballast circuit; 
and/or, as delivered to the discharge light, and to 
derive from the monitored value of the selected property 
a measure of the power delivered to the discharge light. 
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15. A power controller according to Claim 14 in 
which said selected property is the value of the 
electrical currents both as present within the ballast 

5 circuit and as concurrently delivered to the discharge 
light. 

16. A power controller according to Claim 15 in 
which said power monitor means is arranged to compare the 

10 values of said electrical currents present within the 
ballast circuit ' and concurrently delivered to the 
discharge light, to predetermined respective reference 
values thereof and to derive from said comparison said 
measure of the power delivered to the discharge light. 

15 

17. A power controller according to Claim 16 in 
which said predetermined respective reference values are 
values corresponding with a predetermined value of power 
being delivered to the discharge light via said ballast 

20 circuit. 

18. A power controller according to any of claims 

14 to 17 in which the power monitor means is arranged to 
sample values of said selected property of the AC power 
25 signal once within separate successive sampling periods, 
wherein each sampling period is no greater in duration 
than the one half of the duration of a single cycle of 
said AC power signal. 

30 19. A power controller according to any of claims 

13 to 18 in which the power control means is arranged to 
adjust any one or more of the frequency, amplitude, or 
phase of the AC power signal when adjusting that signal 
in response to variations in the delivered power. 
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20. A power controller according to any of 
preceding Claims 13 to 19 in which the power control 
means is operable to adjust the AC power signal according 
5 to the frequency response of the ballast circuit when 
responding to variations in the delivered power so as to 
cause a stabilisation in delivered power. 



21. A power controller according to any of 

10 preceding Claims 12 to 20 in which the power control 
means is arranged to increase the frequency of the AC 
power signal in response to decreases in the delivered 
power/ and to reduce the frequency of the AC power signal 
in response to increases in the delivered power, thereby 

15 to stabilise the delivered power. 

22. A power controller according to any of 
preceding Claims 12 to 21 in which the power control 
means is arranged to maintain the frequency of the AC 

20 power signal at a value sufficiently low that during at 
least a part of a cycle of the AC power signal an 
inductor means of the ballast circuit is caused to 
saturate, whereby the magnitude of the back-e.m.f. 
induced thereby is less than a predetermined threshold 

25 value during said part of said cycle. 

23. A power controller according to any of 
preceding claims 12 to 22 wherein an inverter means is 
arranged to receive a DC power input signal and to 

30 generate said alternating (AC) power signal therefrom for 
powering the discharge light via a ballast circuit, 
wherein the power control means includes an inverter 
control means arranged to generate inverter control 
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signals for controlling said inverter so as to control 
the AC power signal generated thereby. 

24 • A power controller according to claim 23 
wherein said power control means includes said inverter 
means . 

25. A method for controlling the power delivered to 
a discharge light by an alternating (AC) power signal via 
a ballast circuit which resonates at a predetermined 
value of the frequency of said alternating power signal, 
the method including; 

controlling the frequency of the AC power signal to be 
greater than the predetermined value by an amount 
sufficient to prevent operation of the discharge light, 
and to subsequently reduce the frequency of the AC power 
signal until the discharge light becomes operational. 

26. A method according Claim 25 including reducing 
the frequency of the AC power signal continuously thereby 
sweeping through successively lower frequency values. 

27. A method according to Claim 25 or Claim 26 
including monitoring the value of a selected property of 
the AC power signal either: as input to the ballast 
circuit; and/or as present within the ballast circuit; 
and/or as delivered to the discharge light, and halting 
reduction in the frequency of the a.c power signal when 
the value of the selected property is detected to have 
reached a value indicative of the discharge light being 
operational . 



28. A method according to any of claims 25 or 27 




including monitoring the value of a selected property of 
the AC power signal either: as input to the ballast 
circuit; and/or as present within the ballast circuit; 
and/or as delivered to the discharge light, and halting 
5 reduction in the frequency of the AC power signal when 
the value of the selected property is detected to have 
reached a predetermined threshold value. 

29. A method according to Claim 27 or Claim 28 

10 including halting reduction in the frequency of the AC 
power signal when the value of the selected property 
either: is detected to have reached said predetermined 
threshold value; or, is detected to have reached said 
value indicative of the discharge light being 

15 operational, whichever occurs first. 

30. A method according to any of claims 1 to 11 and 
25 to 29 including processing software arranged, when 
processed, to generate control signals for use in 

20 controlling the AC power signal. 

31. A power controller for controlling the power 
delivered to a discharge light by an alternating (AC) 
power signal via a ballast circuit which resonates at a 

25 predetermined value of the frequency of said alternating 

power signal, including: 

a power control means arranged to control the frequency 

of said AC power signal to be greater than the 

predetermined value by an amount sufficient to prevent 
30 operation of the discharge light, and to subsequently 

reduce the frequency of the AC power signal until the 

discharge light becomes operational. 

32. A power controller according Claim 31 in 
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which the power control means is operable to reduce the 
frequency of the AC power signal continuously thereby 
sweeping through successively lower frequency values. 

33. A power controller according to Claim 32 in 
which the power control means is operable to monitor the 
value of a selected property of the AC power signal 
either: as input to the ballast circuit; and/or as 
present within the ballast circuit; and/or as delivered 
to the discharge light, and to halt reduction in the 
frequency of the AC power signal when the value of the 
selected property is detected to have reached a value 
indicative of the discharge light being operational. 

34. A power controller according to Claim 32 or 

33 in which the power control means is operable to 
monitor the value of a selected property of the AC power 
signal generated either: as input to the ballast circuit; 
or as present within the ballast circuit; or as delivered 
to the discharge light, and to halt reduction in the 
frequency of the AC power signal when the value of the 
selected property is detected to have reached a 
predeteirmined threshold value. 

35. A power controller according to Claim 33 or 
Claim 44 in which the power control means is operable to 
halt reduction in the frequency of the AC power signal 
when the value of the selected property either: is 
detected to have reached said predetermined threshold 
value; or, is detected to have reached said value 
indicative of the discharge light being operational, 
whichever occurs first. 



36. 



A power controller according to any of claims 
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31 to 35 in which the power control means includes a 
processor means for processing software arranged, when 
processed, to generate control signals for use . in 
controlling the AC power signal. 

5 

37 . A power controller according to any of 
preceding claims 31 to 36 wherein an inverter means is 
arranged to receive a DC power input signal and to 
generate said alternating (AC) power signal therefrom for 

10 powering the discharge light via a ballast circuit, 
wherein the power- control means includes an inverter 
control means arranged to generate inverter control 
signals for controlling said inverter so as to control 
the AC power signal generated thereby. 

15 

38. A power controller according to claim 37 

wherein said power control means includes said inverter 
« 

means . 

20 39. A method for controlling the power delivered to 

a discharge light from a source of direct-current (DC) 
power, the power being delivered via a signal inverter 
and subsequent ballast circuit as an alternating (AC) 
power signal, the method including: 

25 monitoring variations in the DC power input to the 

signal inverter, and varying the frequency of the 
alternating power signal according to detected variations 
in the DC power input, thereby to control variations in 
the power supplied to the discharge light via the ballast 

30 circuit. 




A method according to Claim 39 including 
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varying the frequency of the AC power signal so as to 
minimise variations in the power supplied to the 
discharge light via the ballast circuit. 

41. A method according to Claim 40 in which said 
variations- in the frequency of the alternating output 
signal are made according to the signal response of the 
ballast circuit via which the alternating power signal is 
delivered to the light. 

42. A method according to any of preceding claims 

39 to 41 in which the ballast circuit has a frequency 
response which resonates at a predetermined frequency of 
the AC power signal, and the method includes varying the 
frequency of the AC power signal: to recede from the 
resonance frequency when the DC power input is determined 
to have fallen; and, to approach the resonance frequency 
when the DC power input is determined to have risen. 

43. A method according to any of claims 39 to 42 
including determining an average value of the DC power 
input to the inverter over a predetermined averaging 
period, and varying the frequency of the AC power signal 
according to a difference value being the difference 
between an instantaneous value of the DC power input and 
the average value thereof. 

44. A method according to Claims 43 including 
determining the oscillation period of the variations in 
the DC power input, whereby the predetermined averaging 
period is of a duration substantially equal to the 
oscillation period. 



45. A method according to any of claims 43 to 44 
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including storing a plurality of separate and successive 
of the aforesaid difference values for the purposes of 
future use in varying the frequency of said AC signal. 



5 46. A power controller for controlling the power 

. delivered to a discharge light from a source of direct- 
current (DC) power, the power being delivered via a 
signal inverter and subsequent ballast circuit as an 
alternating (AC) power signal, the power controller 
10 including: 

control means arranged to monitor variations in the 
DC power input to the inverter means, and to vary the 
frequency of the alternating power signal according to 
detected variations in the DC power input, thereby to 
15 control variations in the power supplied to the discharge 
light via the ballast circuit. 

47. A power controller according to Claim 4 6 in 
which the control means is arranged to vary the frequency 

20 of the AC power signal so as to minimise variations in 
the power supplied to the discharge light via the ballast 
circuit. 

48. A power controller according to Claim 46 or 47 
25 in which the ballast circuit resonates at a predetermined 

frequency of the AC power signal, and the control means 
is arranged to vary the frequency of the AC power signal: 
to recede from the resonance frequency when the DC power 
input is determined to have fallen; and/ to approach from 
30 the resonance frequency when the DC power input is 
determined to have risen. 

49. A power controller according to any of Claims 
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46 to 48 in which the control means is arranged to 
determine an average value of the DC power input to the 
inverter over a predetermined averaging period, and to 
vary the frequency of the AC power signal according to a 
5 difference value being the difference between an 
instantaneous value of the DC power input and the average 
value thereof. 

50. A power controller according to Claim 49 in 

10 which the control means is the control means is arranged 
to determine the oscillation period of the variations in 
the DC power input, whereby the predetermined averaging 
period is of a duration substantially equal to the 
aforesaid oscillation period. 

15 

51. A power controller according to any of Claims 

48 to 50 in which the control means is arranged to store 
a plurality of separate and successive difference values 
generated thereby for future use by the power controller 
20 in varying said AC signal frequency. 



52 . A method for controlling the AC power signal 
supplied to a discharge light via a ballast circuit 
25 containing an inductor, including: 

monitoring the inductor voltage generated across the 
inductor in response to the AC power signal, and 
inputting an excitation pulse signal to the discharge 
light via the ballast circuit having a frequency 
30 substantially equal to, or a multiple of, the resonance 
frequency of the ballast circuit. 



53. 



A method according to Claim 52 in which the 
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excitation pulse signal is arranged to cause the ballast 
circuit to generate a voltage across the discharge light 
sufficient to maintain the discharge light in a 
conductive state. 

5 

54. A method according to Claim 52 or 53 in which 
the ballast circuit resonates at a predetermined 
frequency of the AC power signal, wherein the excitation 
pulse signal is generated to have a frequency being 

10 substantially equal in value to the resonance frequency. 

55. A method according to Claim 54 which includes 
reversibly adjusting the frequency of the AC power signal 
so as to be increasingly nearer to the resonance 

15 frequency thereby to increasingly reduce the power 
delivered to, and ultimately radiated by, the discharge 
light . 

56. A power controller for controlling the AC 

20 power signal supplied to a discharge light from an AC 

power source via a ballast circuit containing an 

inductor, the power controller including: 

control means arranged to monitor the inductor 

voltage generated across the inductor in response to the 
25 AC power signal, and to cause the AC power source to 

generate an excitation pulse signal for input to the 
.discharge light via the ballast circuit having a 

frequency substantially equal to, or a multiple of, the 

resonance of the ballast circuit. 



30 



57. A power controller according to Claim 60 in 
which the excitation pulse signal is formed to cause the 
ballast circuit to generate a voltage across the light 
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sufficient to maintain the plasma excitation voltage 
thereof. 

58. A power controller according to Claim 56 or 57 

5 in which the ballast resonates at a predetermined 
frequency of the AC power signal, wherein the excitation 
pulse signal is generated to have a frequency being 
substantially equal in value to the resonance frequency. 

10 

59. A method for controlling the power delivered to 
a discharge light in use by an alternating (AC) power 
signal via a ballast circuit, the method including; 

monitoring the ambient illumination level in the 
15 vicinity of the light, and adjusting the frequency of 
said alternating power signal to adjust the power 
delivered to, and ultimately radiated by, the light 
thereby to maintain the ambient illumination level at a 
substantially constant value. 

20 

60. A method according to Claim 59 in which the 
ballast circuit resonates at a predetermined frequency of 
the AC power signal, and the control method includes 
reversibly adjusting the frequency of the alternating 

25 output signal so as to approach the value of the 
resonance frequency thereby to reduce the power delivered 
to, and radiated by, the discharge light. 

61. A power controller for controlling the power 

30 delivered to a discharge light in use by an alternating 
(AC) power signal from an AC power source via a ballast 
circuit, the controller including; 

control means arranged to monitor the ambient 
illumination level in the vicinity of the light, and to 
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adjust the frequency of the AC power signal to adjust the 
power delivered to, and ultimately radiated by, the light 
thereby to maintain the ambient illumination level at a 
substantially constant value. 

5 

62. A power controller according to Claim 61 in 
which the ballast circuit resonates at a resonance 
frequency value of the frequency of the AC power signal, 
and the control means is operable to reversibly adjust 
10 the frequency of the AC power signal so as to approach 
the value of the resonance frequency thereby to reduce 
the power delivered to, and radiated by, the discharge 
light. 

15 63. A method for controlling the power delivered to 

a discharge light by an alternating (AC) power signal via 

a ballast circuit, the method including; 

providing a re-prograimnable control means operable 

to process software arranged, when processed, to generate 
20 control signals for use in controlling the AC power 

signal to adjust the power delivered to the discharge 

light. 

64 . A method according to Claim 63 including 
25 monitoring predetermined conditions in the environment of 
the discharge light, and re-programming according to said 
conditions whereby the control means modifies said 
software which, when processed thereby, generates 
accordingly modified control signals for use in 
30 controlling the AC power signal. 



65. A method according to Claim 63 or Claim 64 
includes re-programming according to a predetermined re- 
program signal upon receipt of which the control means 
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modifies said software which, when processed thereby, 
generates accordingly modified control signals for use in 
controlling the AC power signal* 

5 66. A method according to Claim 65 including 

remotely reprogramming said control means via a remote 
re-program signal. 

67. A method according to Claim 66 including 

10 remotely reprogramming said control means wirelessly via 
said remote re-prograim signal. 

68. A method according to Claim 64 including 
re-programming in response to changes in said 

15 predetermined conditions. 



69. A method according to Claim 64 in which said 

predetermined conditions include one or more of: a 
property of said AC power signal; the ambient 
20 illumination level at location of the discharge light; 
the presence within the environment of said discharge 
light of other said power control means associated with 
other discharge lights. 

25 70. A method for controlling the power delivered to 

a plurality of discharge lights each of which is 
separately controlled by a respective separate re- 
programmable control means according to any of preceding 
claims 63 to 69 wherein the method includes controlling 

30 the separate control means to operate collectively. 



71. A method according to Claim 70 including 

employing any given one of said separate control means to 
monitor the operating conditions of each of the other of 
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said separate discharge lights and/or respective control 
means, and re-programming according to said monitored 
operating conditions whereby the given control means 
modifies said software which, when processed thereby, 
generates accordingly modified control signals for use in 
controlling the AC power signal delivered to the 
discharge light associated with the given control means, 

72. A control apparatus for controlling the power 
delivered to a discharge light by an alternating (AC) 
power signal via a ballast circuit, the apparatus 
including; 

a re-programmable control means operable to process 
software arranged, when processed, to generate control 
15 signals for use in controlling the AC power signal to 
adjust the power delivered to the discharge light. 

73. Apparatus according to Claim 72 in which said 
re-programmable control means is operable to monitor 

20 predetermined conditions in the environment of the 
discharge light, and to re-program according to said 
conditions whereby the control, means modifies said 
software which, when processed thereby, generates 
accordingly modified control signals for use in 

25 controlling the AC power signal. 

74. Apparatus according to Claim 72 or Claim 73 in 
which said re-programmable control means is operable to 
re-program according to a predetermined re-program signal 
upon receipt of which the control means modifies said 
software which, when processed thereby, generates 
accordingly modified control signals for use in 
controlling the AC power signal. 




30 
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75. Apparatus according to Claim 74 wherein said 

control means is arranged to receive a remote re-program 
signal . 

5 76. Apparatus according to Claim 75 wherein said 

control means is arranged to receive a remote re-program 
signal wirelessly. 

77. Apparatus according to Claim 76 in which said 

10 power control means is operable to re-program in response 
to changes in said predetermined conditions. 

78. Apparatus according to Claim 77 in which said, 
predetermined conditions include one or more of: a 

15 property of said AC power signal; the ambient 
illumination level at location of the discharge light; 
the presence within the environment of said discharge 
light of other said power control means associated with 
other discharge lights. 



20 



25 



79, Apparatus for controlling the power delivered 
to a plurality of discharge lights each of which is 
separately controlled by a respective separate control 
means of apparatus according to any of preceding claims 
72 to 78 wherein separate control means are arranged to 
operate collectively. 



80. Apparatus according to Claim 79 in which any 
given one of said separate control means is operable to 
30 monitor the operating conditions of each of the other of 
said separate control means / and to re-program according 
to said monitored operating conditions whereby the given 
control means modifies said software which, when 
processed thereby, generates accordingly modified control 



108 

signals for use in controlling the AC power signal 
delivered to the discharge light associated with the 
given control means . 

81. A method for controlling the alternating (AC) 
power output signal generated by a signal inverter, 
including: 

separately generating two separate inverter control 
signals for input to the signal inverter for the control 
thereof, wherein a first of the two separate inverter 
control signals is arranged to control the generation of 
the positive polarity portions of the AC power output 
signal and a second of the two separate inverter control 
signals is arranged to control the generation of the 
negative polarity portions of the AC power output signal. 



82. A method according to Claim 81 in which each of 
said two separate inverter control signals comprises a 
separate train of control signal pulses and the control 
method includes generating the successive control signal 
pulses of the two separate inverter, control signals 
alternately such that any control signal pulse of any one 
such inverter control signal is generated only if a 
control signal pulse of the other such inverter control 
signal is not concurrently in generated. 

83. A method according to Claim 82 in. which the 
duration of control signal pulses are controlled thereby 
to provide a variable dead-time between successively 
generated such pulses during which no control signal 
pulse of either of the two separate control signals is 
generated. 
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84. A method according to any of Claims 81 to 83 in 
which each of the two separate inverter control signals 
comprises a train of control signal pulses, each pulse 
therein being of a duration which is controlled by the 
inverter control means and which is less than half the 
cycle period of the alternating output signal of the 
inverter, whereby the inverter is responsive to the input 
thereto of a given control signal pulse so as to generate 
an output signal pulse of positive polarity in response 
to the first control signal pulse and to generate an 
output signal pulse of negative polarity in response to 
the second control signal pulse. 

85. A method according to any of Claims 81 to 84 
including separately generating the first and second 
inverter control signals using separate respective 
programmable control signal generators each programmable 
to exist in either an active state in which a generator 
output is produced thereby, or in an inactive state in 
which no generator output is produced thereby, whereby an 
inverter control signal is generated according to the 
presence and absence of such control signal generator 
outputs . 



86. A method according to Claim 85 which includes 
successively re-programming each of the control signal 
generators so as to alternate between an active state and 
an inactive state. 

87. A power controller for controlling the 
alternating (AC) power output signal generated by a 
signal inverter, including: 

inverter control means arranged to separately 
generate two separate inverter control signals for input 
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to the signal inverter for the control thereof^ wherein a 
first of the two separate inverter control signals is 
arranged to control the generation of the positive 
polarity portions of the AC power output signal and a 
5 second of the two separate inverter control signals is 
arranged to control the generation of the negative 
polarity portions of the AC power output signal • 

88. A power controller according to Claim 87 in 

10 which each of the two separate inverter control signals 
comprises a train of control signal pulses and . 
the inverter control means is arranged to generate 
successive control signal pulses of the two separate 
inverter control signals alternately such that any 

15 control signal pulse of any one such inverter control 
signal is generated only if a control signal pulse of the 
other such inverter control signal is not concurrently 
generated, thereby to cause the inverter means to 
generate the AC power output signal. 

20 

89. A power controller according to Claim 88 in 
which the duration of control signal pulses generated by 
the inverter control means is controlled thereby to 
provide a variable dead- time between successively 

25 generated such pulses during which no control signal 
pulse of either of the two separate control signals 
exists. 

90. A power controller according to any of Claims 

30 87 to 89 in which each of the two separate inverter 
control signals comprises a train of control signal 
pulses, each pulse therein being of a duration which is 
controlled by the inverter control means and which is 
less than half the cycle period of the AC power signal. 
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whereby the inverter is responsive to the input thereto 
of a given control signal pulse so as to generate an 
output signal pulse of positive polarity in response to a 
first control signal pulse and to generate an output 
5 signal pulse of negative polarity in response to a second 
control signal pulse. 

91. A power controller according to Claim 90 in 
which the duration of a given output signal pulse is 

10 substantially equal to the duration of the given control 
signal pulse in response to which the given output signal 
pulse is generated by said inverter. 

92. A power controller according to any of Claims 

15 87 to 91 in which the inverter control means includes a 
first control signal generator means and a separate 
second control signal generator means arranged to 
separately generate said first and second inverter 
control signals respectively^ wherein each aforesaid 

20 control signal generator means is programmable to exist 
in either an active state in which a generator output is 
produced thereby^ or in an inactive state in which no 
generator output is produced, whereby an inverter control 
signal is generated according to the presence or absence 

25 of such generator outputs. 

93. A power controller according to Claim 92 in 
which the inverter control means includes a programming 
means arranged to successively re-program each of said 

30 first and second control signal generator means so as to 
alternate between an active state and an inactive state. 

94. A power controller according to any of Claims 
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87 to 93 in which the inverter control means is arranged 
to input the first and second inverter control signals to 
the inverter means in separate respective control signal 
input channels . 

95. A power controller substantially as described 
in any embodiment hereinbefore with reference to the 
accompanying drawings. 
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96. A method for controlling power substantially as 
described in any embodiment hereinbefore with reference 
to the accompanying drawings. 




n 

— 

Ballast 
Circuit 



12 



"T 



i 



Figure 3 
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